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(54) VIA FILL COMPOSITION AND FILLING 

(57)Abstract: 

PURPOSE: To obtain a composition which is used for filling vias of a circuit carrier and the like and 
causes little shrinkage when cured, without a solder being wicked into vias or through holes, by 
incorporating a large amount of a conductive powder into an epoxy or cyanate binder composition. 
CONSTITUTION: The fill composition consists of (A) about 35 to about 95 wt%, preferably about 60 to 
about 92 wt.%, of conductive powder and (B) about 5 to about 65 wt.%, preferably about 8 to about 40 wt.%, 
of a binder, where the component B comprises (C) about 25 to about 100 wt.% of an alicyclic epoxy resin, 
a novolack epoxy resin and/or a cyanate ester resin, (D) 0 to about 75 wt.% of a curing agent (about 25 to 
about 75 wt.% when the resin is an alicyclic epoxy resin) and (E) a catalyst in an amount sufficient to 
accelerate the curing of the resin. When this fill composition is filled into the vias and through holes of a 
circuit carrier and cured, the shrinkage percentage is less than about 0.8%. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the restoration constituent filled up with Bahia of a circuit carrier, and a through hole. a. 
About 5 thru/or about 65% of the weight of the i. abbreviation 25 thru/or about 100% of the weight of 
cycloaliphatic epoxy resin, a novolak epoxy resin, a cyanate ester resin, and resin chosen from the group 
who consists of such mixture, When resin is cycloaliphatic epoxy resin, ii.O thru/or about 75% of the weight 
About 25 thru/or about 75% of the weight of a curing agent, the catalyst of sufficient amount to promote 
hardening of the iii. above-mentioned resin — since — with the becoming binder b. Restoration constituent 
which there is no opening substantially and is characterized by contraction being less than about 0.8% when 
Bahia and a through hole are made to fill up with and harden the above-mentioned restoration constituent 
including about 35 thru/or about 95% of the weight of conductive powder. 

[Claim 2] The restoration constituent according to claim 1 which the above-mentioned resin is 
cycloaliphatic epoxy resin whose molecular weight is about 200 thru/or 800, and the above-mentioned 
curing agent is an anhydride curing agent, and is characterized by the above-mentioned conductive powder 
consisting of a metal powder. 

[Claim 3] The above-mentioned cycloaliphatic epoxy resin is 7-oxabicyclo (4.10) heptane. - Restoration 
constituent according to claim 2 which it is 3-carboxylic-acid 7-oxabicyclo (4.1) hept-3-ylmethyl ester, the 
above-mentioned catalyst is a tertiary amine or an imidazole, and an anhydride curing agent is a 
hexahydrophthalic anhydride or a methyl hexahydrophthalic anhydride, and is characterized by conductive 
powder consisting of a metal powder. 

[Claim 4] The restoration constituent according to claim 1 with which the weight per epoxide is epoxy 
novolak resin of about 200 thru/or about 500, and the above-mentioned resin is characterized by 
containing about 10 thru/or about 60% of organic solvent further. 

[Claim 5] The restoration constituent according to claim 4 characterized by for the above-mentioned 
epoxy novolak resin being [ for the above-mentioned curing agent ] weight per epoxy equivalent 230 
[ about ] thru/or a thing with about 400 melting point of about 80 degrees C including tetrabromobisphenol 
A including a methyl ethyl ketone for the above-mentioned organic solvent, and the above-mentioned 
conductive powder being carbon. 

[Claim 6] The restoration constituent according to claim 4 characterized by for the above-mentioned 
epoxy novolak resin being [ for the above-mentioned curing agent ] weight per epoxy equivalent 230 
[ about ] thru/or a thing with about 400 melting point of about 80 degrees C including tetrabromobisphenol 
A including a methyl ethyl ketone for the above-mentioned organic solvent, and the above-mentioned 
conductive powder being a metal. 

[Claim 7] The restoration constituent according to claim 6 characterized by the above-mentioned 
conductive powder containing copper. 

[Claim 8] The restoration constituent according to claim 1 characterized by the above-mentioned resin 
being a cyanate ester resin. 

[Claim 9] The restoration constituent according to claim 8 with which the above-mentioned cyanate ester 
resin is characterized by the above-mentioned catalyst being octanoic-acid zinc or octanoic-acid 
manganese including 4 and 4'-ethylidene bisphenol JISHIANETO. 

[Claim 10] The restoration constituent according to claim 8 with which the above-mentioned cyanate ester 
resin is characterized by the above-mentioned catalyst containing octanoic-acid zinc including bisphenol M 
JISHIANETO. 

[Claim 11] The restoration constituent according to claim 8 with which the above-mentioned cyanate ester 
resin is characterized by the above-mentioned catalyst being octanoic-acid zinc including bisphenol M 
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JISHIANETO and 4, and 4'-ethylidene bisphenol JISHIANETO. 

[Claim 12] The restoration constituent according to claim 8 with which the above-mentioned cyanate ester 
resin is characterized by the above-mentioned catalyst containing octanoic-acid zinc including the 
diglycidyl ether of 4 and 4'-ethylidene bisphenol JISHIANETO and bisphenol A. 

[Claim 13] The restoration constituent according to claim 8 with which the above-mentioned cyanate ester 
resin is characterized by the above-mentioned catalyst containing octanoic-acid zinc including 4 and 4'- 
ethylidene bisphenol JISHIANETO and dinonylphenyl cyanate. 

[Claim 14] The restoration constituent according to claim 8 characterized by a catalyst containing 
octanoic-acid zinc including the epoxy cresol novolak resin whose above-mentioned cyanate ester resins 
are 4 and 4'-ethylidene bisphenol JISHIANETO and weight per epoxy equivalent 230 [ about ] thru/or the 
about 400 melting point of about 80 degrees C. 

[Claim 15] the approach filled up with openings, such as Bahia in a substrate, or a through hole, — it is — 
a. — an approach including the process which prepares the substrate which has at least one opening with 
which it should be filled up, prepares the injection equipment for injecting a restoration constituent to 
opening including b. restoration constituent, and injects c. restoration constituent to opening. 
[Claim 16] The approach according to claim 15 which the above-mentioned restoration constituent 
contains the metal, and is characterized by using this metal as a seed layer in order to carry out the 
exaggerated plate of the opening with which it was filled up further. 

[Claim 17] It is the approach of supplying a hardenability restoration constituent to openings, such as Bahia 
in a substrate, or a through hole. a. Prepare the substrate which has at least one opening with which it 
should be filled up, and b. restoration constituent is prepared, c. Prepare the carrier of a restoration 
constituent and the above-mentioned carrier is coated with d. restoration constituent, e. The mask which 
has at least one opening by which alignment was carried out to opening of the above-mentioned substrate 
is placed on the front face of the above-mentioned substrate, f. Approach including the process which the 
above-mentioned carrier which coated the above-mentioned restoration constituent is placed [ process ] 
on the substrate which placed the above-mentioned mask, and the sufficient heat and sufficient pressure 
for the g. above-mentioned carrier are put [ process ], and makes the above-mentioned restoration 
constituent flow into the above-mentioned opening. 

[Claim 18] The approach according to claim 17 which the above-mentioned restoration constituent 
contains the metal, and is characterized by using this metal as a seed layer in order to carry out the 
exaggerated plate of the opening with which it was filled up further. 

[Claim 19] the approach of forming resistance into a circuit carrier — it is — a. — an approach including 
the process which prepares the circuit carrier which has at least one opening, fills up b. opening with a 
resistance restoration constituent, prepares the resistance which the edge exposed, measures the 
resistance of c. resistance, trims d. resistance, and acquires expected resistance. 
[Claim 20] The approach according to claim 19 which the above-mentioned restoration constituent 
contains the metal, and is characterized by using this metal as a seed layer in order to carry out the 
exaggerated plate of the opening with which it was filled up further. 

[Claim 21] the approach of forming the resistance which has predetermined resistance into a circuit carrier 
— it is — a. — the specific resistance value of the ingredient which needs at least one dimension or the 
volume to prepare the circuit carrier which has known opening and acquire predetermined resistance by 
the formula of b. following — calculating — R=rho L/AR= resistance (omega) 
Specific resistance of rho= ingredient (ohm-cm) 

The die length of L= resistance = an approach including the process which generates the restoration 
constituent of the specific resistance value of the ingredient calculated at the thickness A= cross-section 
c. process b of a circuit plate, and fills up the d. above-mentioned opening with the above-mentioned 
resistance restoration constituent. 

[Claim 22] The 1st circuit carrier which has at least one opening is prepared, the approach of connecting 
between two circuit carriers — it is — a. — b. The 2nd circuit carrier which has at least one solder ball is 
prepared on a front face. c. Approach including the process which prepares a restoration constituent, fills 
up the d. above-mentioned opening with the above-mentioned restoration constituent, carries out the 
exaggerated plate of the metal to at least 1 edge of opening which carried out the e. above-mentioned 
restoration, forms a pad, and connects the f. above-mentioned solder ball to the above-mentioned pad. 
[Claim 23] a. The circuit carrier which forms the 1st circuit carrier which has opening filled up with at least 
one restoration constituent, and consists of a solder ball prepared in the top face of the metal pad 
prepared in the top face of opening of which b. restoration was done, and c. pad. 

[Claim 24] The circuit carrier according to claim 23 characterized by being the through hole which the 
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above-mentioned opening plated, or plated Bahia. 

[Claim 25] The circuit carrier according to claim 23 characterized by being the through hole which the 
above-mentioned opening does not plate, or Bahia which is not plated. 

[Claim 26] The circuit carrier according to claim 23 characterized by having the 2nd circuit carrier further 
on the above-mentioned solder ball. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the restoration constituent filled up with the through hole 

of a circuit plate, or Bahia. 

[0002] 

[Description of the Prior Art] By manufacture of a circuit plate, solder ball connection of modules, such as 
a ceramic module, has a remarkable advantage in an electrical order as compared with the conventional pin 
Inn Hall technique. A pin Inn Hall technique is a technique which connects a module to a circuit plate by 
inserting a projection or a pin in the hole where a circuit plate corresponds. By mechanical consideration, 
pin Inn Hall connection occupied most part of the surface area of a circuit plate, and has barred the 
miniaturization. On the contrary, according to the solder ball technique, a module is connected to a circuit 
plate by joining the ball of the solder on a module to the contact to which the front face of a circuit plate 
corresponds. 

[0003] A high-melting solder ball is put on a modular background, and, specifically, it attaches in a module 
according to the reflow process of the solder paste of a low-melt point point. Next, it attaches in the front 
face of a circuit plate with the solder paste of the low-melt point point which screen-stenciled the module. 
Since installation to a modular circuit plate is performed only on the front face of a circuit plate, the 
dimension of an installation land, the diameter of a drill, and a path clearance land etc. is decreased, and it 
becomes possible to increase wiring area. Solder ball connection has the advantage that a wiring 
consistency becomes high, in order that a system rate may become quick since signal net length becomes 
short, and the diameter of Bahia and a land may decrease. 

[0004] However, the problem of a solder ball connection technique is generated when solder ball 
connection is made at the conventional through hole, i.e., Bahia. When it is going to make such connection, 
the screen-stenciled eutectic paste which is used for connecting a solder ball to a circuit plate will flow 
through a hole from the location of expected interconnect in a reflow process. Thereby, a soldered joint 
becomes inadequate and dependability is lost. 

[0005] Before one of the attempts which is going to attach a module in the land of a direct pad mold 
attaches a solder ball, it is the approach of filling up a through hole with solder beforehand and forming a 
solid land. However, solder will be drawn by the hole during the assembly of a circuit plate, and it will flow 
from the location of interconnect. This solder is drawn, namely, by "wicking", a cavity is produced under a 
ball, it becomes the cause of a crack, a soldered joint becomes inadequate, and dependability is lost. 
[0006] Another approach of solving the problem which connects a solder ball to a through hole is the 
approach of using the end of the "bone of dog" mold permuted from the through hole, i.e., Bahia, which the 
land of solid copper plated. After connecting solder to the land of solid copper, it connects with Bahia, i.e., 
a through hole, by the circuit line. Although a soldered joint becomes good by the end of the skeleton 
pattern of a dog, since wiring nature decreases and a signal line becomes long, the advantage by Bahia of 
pad solder ball connection decreases. To coincidence, a circuit line occupies the space of the front face of 
a circuit plate, i.e., a "real estate." 

[0007] Moreover, although the attempt which fills up Bahia and a through hole with a polymer ingredient of 
a certain kind was also made, such a polymer ingredient does not have enough restoration of Bahia, and a 
remarkable cavity is produced. Since such a polymer ingredient needs evaporation of a solvent, the 
processing time becomes long. It tends to contract by evaporation of a solvent, and a front face becomes 
less flat [ these polymer ingredients ], and its cavity also increases further again. Such another fault of an 
ingredient is that soldering is limited. 
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[0008] 

[Problem(s) to be Solved by the Invention] It is desirable to make solder ball connection to a direct through 
hole, and to perform the soldered joint which lessens consumption of a real estate by this, shortens the die 
length of a signal line, increases and can satisfy wiring nature further. 
[0009] 

[Means for Solving the Problem] A direct soldered joint can be performed to Bahia or a through hole, 
without drawing solder in Bahia or a through hole by filling up the plated through hole with epoxy or the 
restoration constituent of cyanate according to this invention. If this restoration constituent is stiffened 
and it plates upwards, a restoration constituent will support a solder ball and the front face which can be 
soldered by the flatness for interconnect will form it. The hardened restoration constituent has the 
advantage that it is conductivity further. This invention relates to some new approaches of filling up 
openings, such as a through hole, with such a restoration constituent, and the resistance put on such 
opening again. 
[0010] 

[Example] A direct soldered joint can be performed to Bahia and a through hole, without drawing solder in 
Bahia or a through hole by plating or filling up with epoxy or the restoration constituent of cyanate the 
through hole and Bahia which are not plated according to this invention. If a restoration constituent is 
stiffened and is plated, a restoration constituent will support a solder ball, the path where solder is drawn 
from solder joint will be removed, and the front face in which flat soldering for interconnect is possible will 
be formed. In a restoration constituent, since conductive powder, such as copper, exists, it also has 
advantages, such as conductivity, thermal stability, and solderability. This invention relates to some new 
approaches of filling up with such a restoration constituent the through hole and Bahia which were 
established in substrates, such as a circuit carrier, again. As for a circuit carrier, for example, a circuit 
plate, a card, a ceramic substrate, an organic or inorganic multi-chip module, and an organic or inorganic 
single chip module are contained. 

[001 1] The substrate 12 which has the through hole 14 which filled up drawing 1 with the restoration 
constituent 16 is shown. There is a pad 18 in the top face of the through hole 14 with which it was filled 
up, and there is solder 20 of a low-melt point point in the top face. The solder ball 22 is put on the top 
face of solder 20, and solder 24 is put on the top face. That in which the chip was attached is shown and 
the chip carrier 26 is put on the top face of solder 24. 

[0012] FR-4 conventional epoxy and heat resistant resin, for example, heat-resistant epoxy, polyimide, 
cyanate (triazine), a fluororesin, a ceramic restoration fluororesin, benz-cyclo-butene, perfluoro butane, 
polyphenylene sulfide, polysulfones, polyether imide, polyether ketones, polyphenyl quinoxalines, 
polybenzoxazoles, polyphenyl benzoscrew thiazoles, such mixture, etc. are in a suitable printed-circuit 
board. 

[0013] A restoration constituent restoration constituent contains conductive powder, a catalyst, and a 
binder, and a binder constituent is specifically either an epoxy constituent or a cyanate constituent. An 
epoxy constituent has an epoxy resin, a curing agent, conductive powder, and a catalyst. This epoxy resin 
is either cycloaliphatic epoxy resin or epoxy cresol novolak resin. Other components are added with the 
epoxy resin to be used. This restoration constituent can be used for being filled up with openings, such as 
a through hole which plates or contains Bahia and the through hole which is not plated. By the expected 
application of opening, conductivity or insulation is sufficient as a restoration constituent. A certain kind of 
restoration constituent is used for forming the controlled resistance which has the selected electric 
resistance in opening. 

[0014] "Conductive powder" conductivity powder consists of conductive powder containing powder, such 
as carbonaceous powder and a metal, for example, copper, silver, nickel, molybdenum, gold, palladium, 
platinum, and aluminum, and such mixture, and mean particle diameter does not have 0.1, does not have 0.5 
[ 75-micron ] preferably, and is about 0.5 thru/or about 10 microns still more preferably 25 microns. The 
powder of suitable copper is marketed from alkane PAUDAZU- and - pig face (Alcan Powders & Pigments), 
or a Mets meta-large cull corporation (Metz Metallurgical Corporation). It is arbitrary and electric insulation 
powder, for example, an aluminum oxide, 92% alumina, 96% alumina, alumimium nitride, silicon nitride, silicon 
carbide, beryllium oxide, boron nitride, high pressure, or a plasma-CVD diamond can be added to 
conductive powder. As for the thermal conductivity of thermally conductive powder, it is desirable that 
they are about 0.8 thru/or about 1 .4 W/m-K. 

[0015] Let the amount of the conductive powder to add be the amount which generates the restoration 
constituent which generates the restoration constituent which has the specific resistance controlled in 
order to form resistance, or forms a conductor. 
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[0016] To the weight of a binder and conductive powder, the epoxy restoration constituent of this 
invention does not have about 5, about 65%, to the weight of about 8 thru/or about 40% of binder, a binder, 
and conductive powder, does not have about 35 and contains about 60 thru/or about 92% of thermally 
conductive powder preferably about 95%. On these specifications, a "binder" means the nonmetal of a 
restoration constituent, and a nonsolvent component. 
[0017] "Epoxy restoration constituent" 

To the weight of a binder and conductive powder, a "example of alicyclic epoxy restoration constituent" 
alicyclic epoxy restoration constituent does not have about 35, about 95%, to the weight of about 60 
thru/or about 92% of thermally conductive powder, and a binder and conductive powder, does not have 
about 5 and consists of about 8 thru/or about 40% of binder preferably about 65%. A binder does not have 
about 25 and preferably about 75% of the weight About 30 thru/or about 60% of the weight of cycloaliphatic 
epoxy resin, There is no about 25 and preferably about 75% of the weight About 30 thru/or about 40% of 
the weight of an anhydride curing agent, And arbitrary sufficient amount to have a catalysis in hardening of 
cycloaliphatic epoxy resin — desirable — about 0.05 thru/or about 10 % of the weight — further — 
desirable — about 1 thru/or about 5% of the weight of a catalyst — There is no about 0 of the weight of a 
binder and it consists of about 5 thru/or about 20% of the weight of a softening agent preferably about 25% 
of the weight. 

[0018] Since an alicyclic epoxy constituent does not need a solvent, it is not necessary to dry an alicyclic 
epoxy constituent, and the processing time is reduced sharply. Even if the alicyclic epoxy constituent of 
this invention does not contain a solvent, or it hardly contains but it contains it, a nonresponsive organic 
solvent is less than 0.2 % of the weight. 

[0019] Suitable cycloaliphatic epoxy resin is non-glycidyl ether epoxide containing two or more 1 per 
molecule, and 2 epoxy groups. Generally, using peroxy acids, such as a hydrogen peroxide or a peracetic 
acid, and a perbenzoic acid, this carries out epoxidation of the partial saturation aromatic hydrocarbon, 
such as a cycloolefin, and generates it. Organic acid peroxide makes a hydrogen peroxide react with either 
a carboxylic acid, an acid chloride or a ketone generally, and makes compound R-COOOH generate. These 
ingredients are well-known things and are indicated by p.471 about these composition in J. bar DOSON 
(J.Byrdson), plastics MATERIARUZU (Plastic Materials), and 1966. Such non-glycidyl ether cycloaliphatic 
epoxy resin had the ring structure, and an epoxide radical is a part of ring, or it has combined it with the 
ring structure. These epoxy resins may include an ester bond. Suitable non-glycidyl ether cycloaliphatic 
epoxy resin has the following structure. 
[Formula 1] 




a formula — inside — S — saturation — a ring structure — R — CHOCH — two — O (CH2) — nCHOCH 

— two — OC (CH3) — two — CHOCH — two — a group — from — having chosen — a radical — R — " 

— CH — two — OOC — and — CH — two — OOC (CH2) — four — COO — a group — from — having 
chosen — a radical — it is . 

[0020] It has 3, 4-epoxycyclohexylmethyl -3, 4-epoxy cyclohexane carboxylate, and two epoxide radicals 
for the example of a suitable non-glycidyl ether alicyclic epoxy compound, and one of them has the vinyl 
cyclohexane dioxide which is a part of ring structure, 3, the 4-epoxy-6-methylcyclohexyl methyl -3, 4- 
epoxy cyclohexane carboxylate, and dicyclopentadiene dioxide in it. 

[0021] In other suitable cycloaliphatic epoxy resin, 1, 2~bis(2, 3-epoxy cyclopenthyloxy)-ethane, 2, 3-epoxy 
cyclopentyl glycidyl ether, the diglycidyl cyclohexane -1, a 2-dicarboxy rate, 3, 4-epoxycyclohexyl glycidyl 
ether, the screw-(2, 3-epoxy cyclopentyl) ether, The screw-(3, 4-epoxycyclohexyl) ether, 5(6)-glycidyl-2- 
(1, 2-epoxy ethyl) bicyclo [2.2.1] heptane, A cyclohexa -1, 3-diene dioxide, 3, 4-epoxy-6-methylcyclohexyl 
methyl - There is glycidyl ether, such as 3' and 4 '- epoxy -6'-methylcyclohexane carboxylate. 
[0022] 1 and 2-epoxy group is suitable also for the epoxy resin combined with various kinds of hetero 
atoms or functional groups. For example N of N of 4-aminophenol, N, O-triglycidyl derivative, and 3- 
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aminophenol, N, O-triglycidyl derivative, The glycidyl ether / glycidyl ester of a salicylic acid, N-glycidyl - 
N' -(2-glycidyloxy propyl)- 5,5-dimethylhydantoin or 2-glycidyloxy -1, 3-screw -(5 and 5-dimethyl-1- 
glycidyl hydantoin-3-IRU)- There is a propane etc. The mixture of cycloaliphatic epoxy resin is also 
suitable. 

[0023] The 3 and 4-epoxycyclohexylmethyl-3-4-epoxy cyclohexane carboxylate marketed by the trade 
name of ERL-4221 from Union Carbide (Union CarbideCompany) by desirable cycloaliphatic epoxy resin, 
(Systematic name:) [ 7-oxabicyclo ] Heptane-3-carboxylic-acid 7-oxabicyclo (4.10) Hept-3-ylmethyl ester 
(4.1) And Union Carbide 0 [ Union ] There is mixture of the 3 and 4-epoxycyclohexylmethyl-3-4-epoxy 
cyclohexane carboxylate marketed by the trade name of ERL-4299 from Carbide Company and bis adipate 
(3, 4-epoxycyclohexyl). 

[0024] This cycloaliphatic epoxy resin has the epoxy equivalence of about 50 thru/or about 500, and is 
about 50 thru/or about 250 preferably. Viscosity does not have about 5 [ less than about 1000 
centipoises ] preferably at 25 degrees C, does not have about 300 of about 900 centipoises still more 
preferably, and is about 300 thru/or about 450 centipoises most preferably 600 centipoises. molecular 
weight — about 200 thru/or about 800 — further — desirable — about 200 thru/or about 700 — most — 
desirable — about 200 thru/or the weight per about 500 epoxide — about 50 thru/or about 500 — it is 
about 50 thru/or about 300 preferably. 130 degrees C or more of glass transition temperature of a 
restoration constituent are 140 degrees C or more preferably. Therefore, the epoxy resin containing 
cycloaliphatic epoxy resin or its mixture is chosen so that the glass transition temperature of the epoxy 
constituent may become 1 30 degrees C or more. 

[0025] The curing agent which stiffens "curing agent" cycloaliphatic epoxy resin is an anhydride guided 
from the carboxylic acid which has at least one ANHIDORIDO radical. Saturation or partial saturation is 
sufficient as the carboxylic acid used for generation of an anhydride, and any of aliphatic series, alicyclic, 
aromatic series, and a heterocycle type are sufficient as it. In these anhydrides, a phthalic-acid anhydride, 
an isophthalic acid anhydride, a dihydrophthalic-acid anhydride, A tetrahydrophthalic anhydride, a 
hexahydrophthalic anhydride, 1, 3, 5, 6 and 7, 7-hexa chloro -3, 6- and methylene - 1, 2, 3, 6- 
tetrahydrophthalic anhydride (KUROREN DIN acid anhydride), An anhydrous amber acid, a maleic anhydride, 
an anhydrous chloro amber acid, an anhydrous monochloro maleic acid, 6-ethyl-4-chloro hexadiene, 1, 2- 
dicarboxylic acid anhydride, 3, the 6-dimethyl-4-cyclohexadiene -1, 2-dicarboxylic acid anhydride, 6-butyl 
-3, 5-cyclohexane diene 1, 2-dicarboxylic acid anhydride, An anhydrous octadecyl amber acid, an 
anhydrous dodecyl amber acid, an anhydrous dioctyl amber acid, An anhydrous nonadeca dienyl amber acid, 
anhydrous 3-methoxy - 1, 2, 3, 6-tetrahydrophtal acid, Anhydrous 3-butoxy - 1, 2, 3, 6-tetrahydrophtal 
acid, a pyromellitic acid anhydride, A dihydropyromellitic acid anhydride, a tetrahydro pyromellitic acid 
anhydride, a hexahydro pyromellitic acid anhydride, the Pori adipic-acid anhydride, the Pori sebacic-acid 
anhydrides, and such mixture exist. Aromatic series, such as aromatic series 1 anhydride and pyromellitic 
acid anhydride, 2 anhydride, aliphatic series 1 anhydride, alicyclic-compound 1 anhydrides, and these 
chlorination derivatives are in a desirable anhydride. Especially a desirable thing is the anhydride of a liquid 
or a low-melt point point in an ordinary state. 

[0026] There are polyfunctional ring type anhydrides, such as a trimellitic acid anhydride, benzophenone 
tetracarboxylic dianhydride and PIROMERITTO tetracarboxylic dianhydride, cyclopentane tetracarboxylic 
dianhydride, diphenyl ether tetracarboxylic dianhydride, benzene, and hexa carboxylic-acid 3 anhydride of a 
cyclohexane, in other suitable curing agents. Moreover, one of the following straight chains or ring type 
anhydrides of an acid are also suitable as a curing agent. The equivalence marketed by the trade name of 
"emery Gia Cid (Emery Diacid)" from polyester acids, such as a dimer of oxalic acid, a malonic acid, a 
glutaric acid, an adipic acid, a pimelic acid, an azelaic acid, a sebacic acid, a brasylic acid, trimellitic acid, 
and a fatty acid and an acid dimer from a superfluous azelaic acid, and emery chemical (Emery Chemical 
Company) is neopentyl glycol of 500. 

[0027] Generally, with the equivalent base, about 20% of cycloaliphatic epoxy resin, and about 120%, an 
anhydride curing agent does not have about 75 desirable% of epoxy equivalence [ ** / this / about 80 
thru/or 110%, and / better ], and uses it about 100%. 

[0028] A "catalyst" catalyst adds only an amount effective in promoting bridge formation of an epoxy resin. 
There are an acid catalyst of amines, such as a tertiary amine, octanoic-acid tin (II), etc. and imidazole 
derivatives in the catalyst suitable for an epoxy resin. For a suitable tertiary-amine catalyst, N and N- 
dimethyl benzylamine, triethylamine, N.N-dimethylaniline, N-methyl morpholine, N-ethyl morpholine, An 
imidazole and a tetra-chloromethyl ethylene amine, tetramethyl guanidine, A triisopropyl amine, a pyridine, 
a piperazine, triethylamine, Tributylamine, dimethyl benzylamine, a triphenylamine, Tricyclo hexylamine, a 
quinoline, triethylamines, a triphenylamine, There are the Tori (2, 3-dimethyl cyclohexyl) amine, benzyl 
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dimethylamine, 1, 3-tetramethyl butanediamine, a tris (dimethyl aminomethyl) phenol, triethylenediamine, 
etc. The carbon atom located on the nitrogen of an amine or the carbon of heterocycle does not have one 
piece in 1 thru/or six allyl groups, or an aryl group, and a suitable imidazole has more than one. For the 
example of suitable imidazole derivatives, an imidazole, 2-methylimidazole, 2-ethyl imidazole, 2-propyl 
imidazole, 2-butyl imidazole, 2-pentyl imidazole, 2-hexyl imidazole, 2-cyclohexyl imidazole, 2- 
phenylimidazole, 2-nonyl imidazole, 2-undecylimidazole, 2-heptadecylimidazole, 2-ethyl-4-methylimidazole, 
2-phenyl-4-methylimidazole, 1 -benzyl imidazole, 1-ethyl-2-methylbenzimidazol, the 2-methyl -5, 6- 
benzimidazole 1 -vinyl imidazole, 1 -allyl compound-2-methylimidazole, 2-cyano imidazole, 2-chloro 
imidazole, 2-BUROMO imidazoles, and such mixture exist. In the imidazole derivatives which have 
substituents, such as other oxygen, sulfur, and a halogen, it is 1. -(2-hydroxypropyl)- 2-methylimidazole, 
the 2-phenyl -4, 5-dimethylol imidazole, 2-phenyl-4-methyl-5-hydroxymethylimidazole, 2-chloromethyl 
benzimidazole 2-hydroxy benzimidazole, and such mixture exist. Although they are 2-methylimidazole, 2- 
ethyl-4-methylimidazole, and 1,2-dimethylimidazole, since the most suitable imidazole has the highest heat 
deflection temperature of the ingredient which promoted hardening and was hardened at the epoxy 
reaction in moderate temperature, it is desirable. [ of 2-phenylimidazole, 2-phenyl-4, 5- 
dihydroxymethylimidazole, 2-phenyl-4-methylimidazole, 1 -cyanoethyl-2-methylimidazole, 1 -~cyanoethyl-2- 
phenylimidazole 3, and 4— dialkyl imidazole ] 

[0029] Other suitable catalysts are the compounds permuted completely, and have the fourth ammonium of 
hydroxylation, the fourth ammonium of halogenation, the fourth phosphonium of halogenation, arsines, 
amine oxides, aminophenols, phosphine oxide, phosphines, halogenation phosphoniums, amines, 
phosphoramide, phosphine amines, and the third aminophenol. The mixture of these catalysts is also 
suitable. 

[0030] To the sum total weight of a binder and conductive powder, a "example of novolak epoxy 
restoration constituent" novolak epoxy restoration constituent does not have about 60%, about 95%, to the 
sum total weight of about 70% thru/or about 92% of conductive powder, and a binder and conductive 
powder, does not have about 5% and consists of about 8% thru/or about 30% of binder preferably about 40%. 
To the sum total weight of a binder, conductive powder, and a solvent, a solvent does not have about 10%, 
does not have preferably about 60% about 20%, does not have still more preferably about 50% about 20%, 
and is added about 30%. A binder does not have about 20% and preferably about 60% About 25% thru/or 
about 60% of novolak epoxy resin, About 20% cannot be found and preferably about 60% About 25% thru/or 
about 60% of curing agent, The catalyst of sufficient amount to show a catalysis in hardening of a novolak 
epoxy resin, desirable — about 0.05 thru/or about 10 % of the weight — further — desirable — about 0.5 
thru/or about 3 % of the weight — and — arbitrary — 0% of binder weight — or it consists of about 5% 
thru/or about 20% of softening agent preferably about 30%. These amounts are the ratios to the total 
quantity of the binder in a constituent, and conductive powder. The weight per epoxide of this novolak 
epoxy resin is about 200 thru/or about 500. 

[0031] The suitable novolak epoxy resin is marketed and contains the novolak epoxy resin which 
epihalohydrin, for example, epichlorohydrin, and novolak resin were made to react, and was preferably 
obtained under existence of basic catalysts, such as a sodium hydroxide. Novolak resin is the 
polycondensation product of either [ aldehydes, such as formaldehyde, and ] univalent, divalent or a 
polyhydric phenol. It permutes by dihydric phenol by one piece chosen from hydrogen, a bromine, and 
chlorine, or more than it, and one piece thru/or four carbon atoms, S, S-S, the alkylene (for example, 
methylene) that has SO, S02, CO, or O, or the phenol which alkylidene (for example, isopropylidene) 
combined is included in an aromatic series ring. 

[0032] A suitable novolak is guided from polyhydric phenols, such as the alkyl derivative of a phenol, cresol, 
alpha- and the beta-naphthol, o- m- or p-chlorophenol, and a phenol, for example, o-methyl phenol, 3, 5- 
dimethylphenol, p-t-butylphenol, p-nonyl phenol, other univalent phenols and resorcinol, and a 
hydroquinone. Especially the polyhydric phenol that has the carbon atom of 2 thru/or six hydroxyl groups 
and 6 thru/or about 30 is useful, although it reacts with an epoxy resin and a line or crosslinked polymer 
resin is generated. The novolak guided from the polyhydric phenol For example, it has a substituent 
containing a halogen (fluoro, chloro, or BUROMO) or a hydrocarbon group, the oxygen containing the 
divalent hydrocarbon group in which an aromatic series ring contains the carbon atom of S, SO, and 2 or 10 
or less SOs, and a hydrocarbon group, sulfur, and nitrogen — for example The phenol which the radical 
chosen from OR'O, OR'OR'O, SR'S, SR'SR'S, OSiO, OSiOSiO, OCOR'COO, COOR'COO, SOR'SO, and S02 
R'S02 (R' is a divalent hydrocarbon group) combined is contained. 

[0033] In a suitable polyhydric phenol, 4 and 4-dihydroxydiphenyl methyl methane, (Bisphenol A), 2, 4'- 
dihydroxydiphenyl methyl methane, - dihydroxydiphenyl diethyl methane, and 3 and 3 '3, 4'- 
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dihydroxydiphenyl methylpropyl methane, 2, a - dihydroxy diphenylethyl phenylmethane, and 3 '4, 4- 
dihydroxydiphenyl propyl phenylmethane, Although there is - dihydroxydiphenyl JITORIRU methane, and 4 
and 4'-dihydroxydiphenyl buthylphenyl methane, 2, and 2 '4, 4-dihydroxydiphenyl tolyl methyl methane etc., 
it does not restrict to these. 4 and 4'-isopropylidene diphenol (bisphenol A) is a desirable phenol. In 
suitable epoxidation novolak resin, for example, the diglycidyl ether of resorcinol, A catechol, a 
hydroquinone, a bisphenol, bisphenol A, Bisphenol K Tetrabromobisphenol A, phenolaldehyde novolak resin, 
Alkylation phenolaldehyde novolak resin, alkylation phenol-formaldehyde resin, Phenol hydroxy 
benzaldehyde resin, cresol hydroxy benzaldehyde resin, Dicyclopentadiene phenol resin, dicyclopentadiene 
permutation phenol resin, Bisphenol F, tetramethyl biphenol, tetramethyl tetrabromo biphenol, tetramethyl 
TORIBUROMO biphenol, tetra-chloro bisphenol A, and such mixture exist. 

[0034] Moreover, the glycidyl ether of the compound which has an average of one or more aliphatic series 
hydroxyl groups per molecule, for example, aliphatic series diols, polyether diols, polyether tetra-oar, and 
such mixture are in suitable epoxidation novolak resin, moreover, the alkylene oxide addition product of the 
compound which has an average of one or more aromatic series hydroxyl groups per molecule — for 
example Dihydroxy phenols, biphenol, bisphenols, and halogenation bisphenols Alkylation bisphenols, tris 
phenols, phenolaldehyde novolak resin, Halogenation phenolaldehyde novolak resin, alkylation 
phenolaldehyde novolak resin, There is ethylene oxide of hydrocarbon phenol resin, hydrocarbon 
halogenation phenol resin, hydrocarbon alkylation phenol resin, or such mixture, propylene oxide, or a 
butylene oxide addition product. 

[0035] The suitable novolak epoxy resin is marketed by the trade name of 8212 from Ciba-Geigy (Ciba- 
Geigy). 8212 resin is hardening novolak resin which uses tetrabromobisphenol A as a raw material and 
makes a methyl imidazole a catalyst. 8212 resin contains a methyl ethyl ketone as a solvent again. Bromine 
concentration is about 29%. The detailed chemical composition of 8212 is the secret of a company. About 
230 thru/or 70% of about 400 solid content, and the last glass transition temperature of the weight per 
peroxide are about 165 thru/or about 175 degrees C. The novolak epoxy resin which has the same 
property in this way is also suitable. The epoxy cresol novolak resin of the trade name "ECN1280" 
marketed from Ciba-Geigy is also contained in 8212 resin. The epoxy equivalence put on the market from 
this Ciba-Geigy is suitable also for ECN1280 whose about 235 melting point is about 80 degrees C. By 
suitable resin, "ECN1299" which has a property similar to ECN1280 is marketed from Ciba-Geigy. 
[0036] There is the conventional phenol novolak curing agent used for polyfunctional phenol resin, such as 
phenol novolak resin, cresol novolak resin and alkyl denaturation phenol resin, bisphenol A novolak resin, 
and tris (hydroxyphenyl) methane, among the curing agents suitable for "curing agent" epoxy novolak resin. 
However, a curing agent is not limited to these curing agents. Operation is not limited to use of a single 
curing agent, either, but may be used combining two or more kinds of curing agents. A desirable curing 
agent is tetrabromobisphenol A. 

[0037] There is a compound which has an average of one or more phenolic hydroxyl groups per molecule in 
the curing agent containing the suitable aromatic series hydroxyl group used for this invention. For 
example, dihydroxy phenols, biphenol, bisphenols, halogenation bisphenols, alkylation bisphenols, tris 
phenols, phenolaldehyde novolak resin, alkylation phenolaldehyde novolak resin, phenol hydroxy 
benzaldehyde resin, alkylation phenol hydroxy benzaldehyde resin, hydrocarbon phenol resin, hydrocarbon 
halogenation phenol resin, hydrocarbon alkylation phenol resin, and such mixture are in such a suitable 
compound. There is a compound expressed with the following formula especially among the compounds 
containing a suitable aromatic series hydroxyl group. 
[Formula 2] 

OH OH OH OH 




Among a formula, A 'each does not have 1 respectively and preferably about nine pieces 1 thru/or about 
four carbon atoms, Or the divalent hydrocarbon group which has -O- -S02-, or -CO- The hydrocarbon 
group and Q' in which Q has 1 thru/or about ten carbon atoms A halogen, The alkyl group and Y which 
have 1 thru/or about four carbon atoms, respectively Or hydrogen, a bromine, chlorine or 1 thru/or the 
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hydrocarbon group that has about nine 1 thru/or about four carbon atoms preferably, and m — about 0.01 
thru/or about 10 — desirable — 0.1 thru/or about 8 — they are about 0.5 thru/or about 6 value more 
preferably. 

[0038] Vocabulary called a hydrocarbon group means radicals, such as all aliphatic series, alicyclic, 
aromatic series, aliphatic series of an aryl permutation, alicyclic, aliphatic series, or aromatic series of an 
alicyclic permutation. Saturation or partial saturation is sufficient as an aliphatic series radical. Similarly, 
the vocabulary of a hydrocarbon oxygen radical has oxygen association in between, and means the 
hydrocarbon group which carbon combined with this. A desirable curing agent is tetrabromobisphenol A. 
[0039] In a "solvent" epoxy novolak constituent, a solvent is used so that it may become suitable viscosity 
for screen-stencil and coating. There are ketones, such as an acetone and a methyl ethyl ketone, in a 
suitable solvent. A methyl ethyl ketone is a desirable solvent. 

[0040] " — others — epoxy resin" — other epoxy resins can be added to this restoration constituent. 
There is diglycidyl ether of resorcinol, a catechol, a hydroquinone, biphenol, bisphenol A, Bisphenol K, and 
tetrabromobisphenol A in suitable resin. Suitable resin has diglycidyl ether of bisphenol A which is marketed 
by the trade name of Epon (Epon) 828 from ShellChemical (Shell Chemical) and about 185 thru/or whose 
about 195 viscosity epoxy equivalence is about 12000 centipoises. 
[0041] "The arbitration component of an epoxy restoration constituent" 

"Softening agent" Although it is arbitrary, a reactant modifier, i.e., a "softening agent", is added at an 
alicyclic epoxy constituent, and it is desirable to give flexibility and thermal shock resistance to the 
hardened alicyclic epoxy constituent, there are polyether diols, such as diols, such as fatty-acid 
anhydrides, such as fatty acids, the Pori azelaic-acid anhydride, and an anhydrous dodecenyl amber acid, 
and ethylene glycol, polyols, a polymer of ethylene glycol, a polyethylene glycol, and a polypropylene glycol, 
other hydroxyl groups, carboxyl epoxy, and (or) an ingredient of others which have anhydrous carboxyl 
functionality in the example of a suitable softening agent. There is a polypropylene glycol which has a 
trivalent or divalent carboxyl group, an anhydrous carboxyl group, a glycidyl group, and a hydroxyl group at 
the end, or a polybutylene glycol in other suitable softening agents. 

[0042] It is arbitrary, and to an epoxy novolak restoration constituent, in order to give flexibility and crack- 
proof nature, a softening agent can be added. There is silicone resin which has a hydroxyl group at the end 
expressed with the following general formula in a suitable softening agent. 
[Formula 3] 




OH OH 

The inside n of a formula is the integer of 10 thru/or 300. 

[0043] A carboxyl group, the hydroxyl group, the sulfhydryl group or the copolymer elastomer that uses as 
a principal component the butadiene which has glycidyl ether, and the partial saturation comonomer with 
polar ethylene are also suitable for the end as softening agents, the number average molecular weight of a 
softening agent — 500 thru/or 6000 — it is 1000 thru/or 2500 preferably. The epoxidation butadiene 
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prepolymer of about 1200 thru/or 1300 has the average molecular weight marketed by the trade name of 
Pori Bd605 in a suitable softening agent from the prepolymer which is marketed by the trade name of a 
tone (Tone) 0231 from Union Carbide (Union Carbide) and to which average molecular weight uses the poly 
caprolactone polyol of about 1200 as a principal component, and Elf Atochem North America (Elf Atochem 
North America Inc.). 

[0044] "Surfactant" It is arbitrary, and a surfactant can be added to an epoxy constituent and mixing with 
thermally conductive powder and an epoxy resin can be made easy. When using a surface active agent, to 
the sum total weight a binder and after heat-conduction milling, about 0.5% cannot be found, about 3% 
about 1.2% cannot be found preferably, and it adds about 1.6%. Suitable surfactants are nonionic 
surfactants, such as the triton (Triton) X-100 of loam - and - Haas (Rohm and Haas Co.). There is a 
surfactant obtained at the reaction of octyl phenol or nonyl phenol, and ethylene oxide in a suitable 
nonionic surfactant. 

[0045] An epoxy constituent may be arbitrary and may contain ingredients, such as other hardening 
accelerators, and various kinds of plasticizers, an elastomer, a bulking agent, a pigment, a finishing agent. 
[0046] It is arbitrary and vinyltrimetoxysilane, vinyltriethoxysilane, N(2-aminoethyl)3-aminopropyl methyl 
dimethoxysilane, 3-aminopropyl ethoxy silane, 3-glycidoxypropyltrimetoxysilane, 3- 

glycidoxypropylmethyldimetoxysilane, and such mixture are shown in the finishing agent added to an epoxy 
constituent. To the epoxy resin 100 section, the 1 thru/or 10 sections are desirable still more desirable, 
and the amounts of the finishing agent to be used are the 1 thru/or 5 sections. A finishing agent gives 
moisture resistance, and it uses it in order to improve an adhesive property. 

[0047] To the total weight of a restoration constituent, a "cyanate restoration constituent" cyanate 
restoration constituent does not have about 5%, does not have preferably about 65% about 8% thru/or 
about 40% of binder and about 35%, and contains about 60% thru/or about 92% of conductive powder 
preferably about 95%. To sufficient amount, i.e., the total weight of a binder, to act as a curing catalyst of 
resin, a binder does not have about 0.05%, about 5%, still more preferably, to about 0.1% thru/or about 2% of 
catalyst, and the total weight of a binder, does not have about 95% and consists of about 98% thru/or about 
99.9% of resin still more preferably about 99.95%. The resin in a cyanate ester restoration constituent may 
consist of a cyanate ester resin, and may contain other epoxy resins, for example, cycloaliphatic epoxy 
resin, novolak resin, the diglycidyl ether of bisphenol A, or such mixture. 

[0048] A cyanate ester resin has two or more -0-C**N radicals, and hardens them by annular trimer- 
ization. The monomer is more desirable although the polymer with which a monomer also contains oligomer 
is sufficient as this cyanate ester resin. A cyanate ester resin has the following radical. 
[Formula 4] 




the inside of a formula, and A — single association or C (CH3) (H), and S02, O, C (CF2)2 and CH2 — 
OCH2 and S — C (=0), OC (=0), S (=0), OP(=0) O, OP(=0) (=0) O, It is divalent alkylene groups, such as 
CH2 and C (CH3)2, and the divalent alkylene group which has atoms of a different kind, such as O, S, and 
N, in a chain, R is an alkyl group which has hydrogen, a halogen or 1 thru/or nine carbon atoms, and n is 
the integer of 0 thru/or 4. 

[0049] There is a polymer of two functionality, polyfunctional, and aromatic series cyanate ester in the 
cyanate ester for which were suitable. 

[0050] The polyfunctional cyanate for which were suitable is made to generate by the approach of the 
polyhydric phenol which corresponds, for example, and the common knowledge to which halogenation 
cyanate is made to react under existence of tertiary amine, such as triethylamine. These approaches are 
indicated by U.S. Pat. No. 3553244, No. 3740348, and the No. 3755402 specification. 
[0051] Although which can be used for it if a phenol is an aromatic compound which has one or more 
reactant hydroxyl groups, it is JI expressed with the following formula, or the Tripoli hydroxy compound 
preferably. 
[Formula 5] 
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a and b are 0, 1, 2, or 3 among a formula, respectively, and at least one a is not 0. n 0 thru/or about 8, the 
alkyl by which each R [ 0 thru/or 3, and ] is not blocked preferably, Aryl, an aralkyl, a heteroatom, a 
heterocycle type, cull BONIRO oxy-** carboxy, The same ring type substituent, for example, hydrogen, and 
a carbon atom And one piece thru/or six alkyl groups, Carbon atoms are [ one piece thru/or six ally I 
groups, and the carbon atom of A, such as one piece thru/or six alkoxy groups, a halogen, maleimide, the 
propargyl ether, and glycidyl ether, ] the joint radicals of many **, such as aromatic series, aliphatic series, 
alicyclic, a polycyclic type, and a heteroatom. There are -O-, -S02-, -CO-, -OCOO-, -S- -C1-12- 
dicyclopentadienyl, an aralkyl, aryl, alicyclic, and direct coupling in the example of A. 

[0052] In other suitable cyanate ester resins, 1 and 3- or 1, 4-JISHIANATO benzene, 1, 3, 5-Tricia NATO 
benzene, 1, 3- 1, 4, - 1, 6- 1, 8, - 2, 6- or 2, 7-JISHIANATO naphthalene, 1 and 3, 6-Tricia NATO 
naphthalene, 4 and 4-JISHIANATOBI phenyl, bis(4-cyanate phenyl) methane, A 2 and 2~bis(4-cyanate 
phenyl) propane, 2, and 2-bis(3, 5-dichloro-4-cyanate phenyl) propane, The bis(4-cyanate phenyl) ether, a 
bis(4-cyanate phenyl) thioether, A sulfuric-acid screw (4-cyanate phenyl), phosphorous acid tris (4- 
cyanate phenyl), Tris phosphite (4-cyanate phenyl), bis(3-chloro-4-cyanate phenyl) methane, The 
cyanate-ized bisphenol mold polycarbonate oligomer which was guided from the novolak and bisphenol mold 
polycarbonate oligomer which were guided from the novolak, and which were cyanate-ized, and such 
mixture exist. 

[0053] The suitable aromatic series cyanate ester polymer which has an alicyclic bridge formation radical 
between aromatic series rings is marketed under the name of "Dow-Jones XU-71787 cyanate" from the 
Dow Chemical (Dow Chemical Company). Desirable polyfunctional cyanate ester has bisphenol A D 
JISHIANETO (4 and 4'-ethylidene bisphenol JISHIANETO) marketed by the trade name of AroCy-L10 from 
Ciba-Geigy (Ciba-Geigy), hexafluoro-bisphenol A JISHIANETO marketed by the trade name of AroCy- 
F40S from Ciba-Geigy (Ciba-Geigy), and bisphenol M JISHIANETO marketed by the trade name of RTX- 
366 from Ciba-Geigy (Ciba-Geigy). Bisphenol M JISHIANETO has the following structure. 
[Formula 6] 

CHtJ CH* CHs CHa 




[0054] By 2.6 thru/or 3.1, about 250 thru/or a 290-degree C homopolymer have glass transition 
temperature (Tg), and the following dielectric constant is marketed from Ciba-Geigy (Ciba-Geigy) by other 
suitable cyanate ester resins. Namely, REX-378, REX-379, AroCy B-10, B-30, B-40S, bisphenol A 
JISHIANETO marketed under the name of B-50, AroCy M-10, M-20, M-30, M-40S, tetramethyl bisphenol F 
JISHIANETO marketed under the name of M-50, AroCy They are F-40S and hexafluoro bisphenol A 
JISHIANETO marketed under the name of F-10. It is used about other resin of a restoration constituent, 
changing the polymerization degree of the above-mentioned resin. For example, a notation 10 shows that 
cyanate ester is a monomer, a notation 30 shows that cyanate resin is resin of a semisolid, notation 40S 
show that cyanate resin is a prepolymer solution, and a notation 50 shows that cyanate resin is non 
sintering (nonsintering) solid-state resin. 

[0055] When using the prepolymer of JISHIANETO, conversion may usually be about 30% or less preferably 
about 40%. the case where a solvent is not used — above-mentioned alicyclic resin, preferably, a cyanate 
ester resin must be a liquid so that it can apply. Moreover, as for a cyanate ester resin, it is desirable that 
the content of the cyanate ester resin of a trimer is 40% or less. 

[0056] There is a salt of weak acid, such as Lewis acid, such as an aluminum chloride, a boron trifluoride, a 
ferric chloride, a titanium chloride, and a zinc chloride, sodium acetate, a sodium cyanide, sodium cyanate, a 
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potassium thiocyanate, sodium bicarbonate, and sodium borate, in the catalyst suitable for a cyanate ester 
resin. Desirable catalysts are metal chelates, such as acetylacetonate of metaled carboxylate and cobalt, 
iron, zinc, and copper, octoate, or NAFUTENETO. 

[0057] To a "solvent" cyanate restoration constituent, it is arbitrary, and a solvent can be added to it. 
There are ketones, such as an acetone and a methyl ethyl ketone, in a suitable solvent. To the weight of a 
binder and conductive powder, a solvent does not have 0, does not have about 15 [ about 40% ] preferably, 
and is added about 25%. 

[0058] It is an approach desirable although injection equipment 100 is used for the approach "injection 
approach" radiation method filled up with opening and a through hole and Bahia are filled up into it with the 
restoration constituent which does not contain solvents, such as an alicyclic epoxy restoration constituent 
and a liquid cyanate restoration constituent. 

[0059] Injection equipment 100 has the positive displacement pump 102 which has a piston 104 in a tube 
106. It connects with an air supply 110, it connects with a piston 104, and the air cylinder 108 supplies 
power to a piston 104. A pump 102 has the tube 1 1 1 connected to the restoration chamber 1 12 and the 
restoration constituent container 1 14 again. The air supply 1 16 is also connected to the restoration 
constituent container 114. The tube 106 and the tube 1 1 1 are opened wide to the tube 118 which is in a 
chamber 112 in an assembly and a chip 120. A bore is usually about 0.2mm (0.008 inches), and the chip 120 
has become a taper so that the closure of the chip may be carried out to opening. The restoration 
constituent from a container 1 14 is extruded by the chamber 1 12 from a tube 111, and a piston 106 
extrudes the paste of a quantum from a tube 1 18 to opening 130 here. 

[0060] Injection equipment 100 is attached on the X-Y table (not shown) of the computer control of the 
conventional design which reads the data of XY coordinate in which the location of opening is shown. The 
suitable above-mentioned injector is the name of a nova/ECD (Nova/ECD) to the model 800, or is 
marketed under the name of the model 18-12 from creative automation (Creative Automation). A 
restoration constituent is pressed fit in direct Bahia, without using a mask. A positive displacement pump 
102 sends a restoration constituent into the impregnation chip 130 which contacts the edge of Bahia 
directly. The edge of a chip is a taper so that the closure of a chip and the opening may be carried out. 
This is required in order to remove air during restoration, a restoration constituent — a pressure 1 
[ about ] thru/or about 6 kgf/cm2 (15 thru/or 90psi(s)) — desirable — about 3 kgf/cm2 (40psi) and 
temperature 25 [ about ] — or it is about 30 degrees C preferably, and about 40 degrees C is poured in 
through a chip. Under a substrate 122, a substrate 122 is contacted directly and the sheet 126 of the 
porosity which lets gas, such as a filter paper, pass is. Although this sheet passes air, the restoration 
constituent in the opening 132 of a substrate 122 does not pass through the front face of paper. A sheet 
126 is supported by the template 128 which is in agreement with the configuration of opening 132 or a 
substrate 122, and, thereby, air is emitted from opening 132. By using a positive displacement pump, a 
restoration constituent is correctly measured so that it may fill up with opening correctly. Consequently, a 
uniform front face is obtained by the minimum machine processing. 

[0061] Next, there is no about 130, there is no about 2 [ about 200-degree C ] in about 150 thru/or about 
190 degrees C preferably, there is no about 2 [ about 4-hour ] preferably, it heats for about 3 hours and a 
restoration constituent is stiffened. Thickness is suitable for 0.25 thru/or a 6.3mm (0.01 thru/or 0.25 
inches) wide range circuit panel, and can apply this opening filling— up method to a diameter 0.1 thru/or a 
0.6mm (0.004 thru/or 0.025 inches) hole. Since this approach does not need to use a mask, the costs and 
time amount which manufacture of a mask, washing, positioning, and handling take become unnecessary. 
Since each opening which only a complement is poured in but is actually filled up with a restoration 
constituent is chosen, the futility of a restoration constituent becomes the minimum. Since unlike screen- 
stencil it fills up with opening completely certainly and fills up with Bahia or a through hole correctly, if this 
approach is used for this approach, the lump which needs removal will not remain. 

[0062] A "sacrifice carrier" sacrifice carrier is the desirable approach of filling up a through hole and Bahia 
with the restoration constituent containing solvents, such as a novolak resin constituent and a cyanate 
constituent. 

[0063] The sacrifice carrier 150 which coated with d rawing 3 the restoration constituent 152 on the mask 
154 placed on the substrate 156 which has opening 158 is shown. Usual [ which were determined with the 
die length of opening with which it should be filled up / the predetermined thickness and usual ] coat the 
sacrifice carrier 150 of the conventional ingredients, such as copper foil and polyimide, with 0.025 thru/or 
the 0.25mm (0.001 thru/or 0.01 inches) restoration constituent 152. There is the approach of common 
knowledge of screen-stencil, wire roll coating, and others among the suitable approaches of coating the 
sacrifice carrier 150 with the restoration constituent 152. On a carrier 150, a restoration constituent does 
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not have about 120 in oven, there is no 3 [ about 140-degree C ] in about 130 degrees C preferably, it 
heats for 4 minutes and imperfect hardening of it is carried out. Alignment of the mask 154 which made the 
hole of the configuration of the opening 158 with which it should be filled up is carried out to the front face 
of a substrate 156. A desirable mask is polyimide or copper foil. As a mask, the film which is marketed by 
the trade name of YUPIREKKUSU (Upilex) R from Ube Industries and which was manufactured from 
biphenyl tetracarboxylic dianhydride and p-phenylene diamine is suitable. Next, the side which carried out 
restoration constituent coating of the coated sacrifice carrier 150 is turned down, and it places on a mask 
154, and puts in during a laminating press (not shown). The hole of the configuration of the request 
corresponding to opening with which it is filled up is prepared, and alignment of the mask 154 is carried out 
on the substrate 156. Next, with a laminating press, sufficient temperature and a sufficient pressure for a 
restoration constituent to flow are put, and a restoration constituent is extruded in opening 158 through a 
mask 154. the coated sacrifice carrier — the inside of a laminating press — an expected pressure, 7 [ for 
example, ], thru/or 25 kgf/cm2 (100 thru/or 350psi(s)) — desirable — 10 kgf/cm 2 (150psi) and 140 
thru/or about 200 degrees C — desirable — the temperature of about 185 degrees C — 60 — or it holds 
for 120 minutes preferably and a restoration constituent is stiffened for 190 minutes. The sacrifice carrier 
150 and a mask 154 are removed by stripping from a substrate 156 by the hand etc. in a laminating cycle. 
The conventional mechanical means, such as polish, or a chemical means removes the restoration 
constituent which remained on the front face of a substrate 156. By this approach, it fills up a diameter 
with Bahia and a through hole (0.05 thru/or 0.6mm (0.002 thru/or 0.025 inches)). 
[0064] Drawing 4 is filled up with opening with a sacrifice carrier, and the substrate after removing a 
sacrifice carrier is shown. 

[0065] the metal if "exaggerated plaiting" Bahia or a through hole is filled up with and stiffened and there is 
need, after carrying out flattening by the conventional approaches, such as polish, — exaggerated plaiting 
is preferably carried out with copper. When a radiation method is used for being filled up with Bahia or a 
through hole, there is no need for flattening and Bahia and the through hole with which it was filled up can 
usually be plated directly. Acid plating, electroless deposition, etc. can use the conventional seeding 
method and conventional plating. As an alternate method, when a restoration constituent contains metal 
particles, direct electroless deposition of the through hole or Bahia with which it was filled up can be 
carried out. In such direct plating, the metal particles in a restoration constituent function as a seed layer. 
The need for seed processing is lost with this plating. Although copper can be plated in any thickness, 
about 2.5 thru/or about 12.5 microns (100 thru/or 500 microinches), and a desirable result good in the 
case of about 5 thru/or about 7.5 microns (200 thru/or 300 microinches) are obtained for thickness. 
Plating time amount does not have about 5 minutes, and 10 thru/or about 60 minutes are preferably 
suitable for it for about 5 hours. In the case of about 0.75 thru/or about 3.25 microns (30 thru/or 130 
microinches), the thickness of exaggerated plaiting can use electroless deposition baths, such as Shipley 
C3000 of Shipley (Shipley). When the thickness of exaggerated plaiting exceeds about 3.25 microns (130 
microinches), after using the conventional "full build" electroless deposition baths, such as Shipley C3000, 
the acid coppering bath marketed from shirring (Schering), MAKUDAMIDO (MacDermid), Shipley (Shipley), 
etc. can be used. 

[0066] Exaggerated plaiting can be performed in the various phases of substrate manufacture. For example, 
when performing restoration of a through hole and Bahia before a subtractive circuit formation process, for 
example, after making the conventional seed layers, such as palladium tin colloid, adhere to a substrate 
front face, the seed process of performing the conventional electrolysis or non-electrolytic copper plating, 
and subtractive etching of the conventional circuit is performed. 

[0067] As an alternate method, when thin line subtractive circuit formation is required, a circuit line can be 
etched immediately after restoration of opening, and completion of flattening. In order to demarcate thin 
line structure in the thin copper foil which carried out the laminating, the conventional subtractive circuit 
formation can be used. The conventional non-electrolytic copper plating is performed after coating a card 
with a solder mask. Plating is not performed into the part covered with the solder mask, but only the edge 
of opening with which it was filled up, and the front face of the copper which others exposed are plated. 
[0068] All the conventional additive circuits can also be formed on the substrate which has opening with 
which it was filled up. After etching the copper foil which carried out the laminating after filling up with and 
carrying out flattening of the opening from a front face and making the conventional seed layer adhere, 
pattern formation of the photoresist is carried out and non-electrolytic copper plating of a circuit line is 
performed in desired thickness. 

[0069] When a very fine grid Bahia consistency is required as an alternate method (for example, when it is 
a pad-on pad INTAPOZA card or direct chip attachment structure), the following approach of plating only 
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the edge of opening with which it was filled up is used. After restoration of opening, and flattening, if 
needed, a substrate is etched and a surface metal is removed. Next, non-electrolytic copper plating is 
performed to a substrate, without performing seeding. Plating takes place only to the edge of opening with 
which it was filled up, and serves as seed or the catalyst of copper adhesion of the metal particles in the 
ingredient filled up with opening. Thus, plating is limited only to the edge of opening with which it was filled 
up correctly, and the structure of the bump of projecting copper is acquired. Next, a conventional 
INTAKONEKUTO metal, for example, nickel and gold, or tin, lead, etc. performs exaggerated plaiting by the 
bump of these copper, and a pad-on pad or a direct chip attachment site is obtained. By this approach, 
Bahia of under 0.25mm (0.01 inches) or an interconnect grid is obtained. 

[0070] The front face on which a solder ball is put is obtained by exaggerated plaiting. A solder ball is 
placed on a through hole or Bahia by this, and packaging density increases. 

[0071] The through hole or Bahia with which Examples 1 and 2 were filled up carries out exaggerated 
plaiting of the metal in a restoration constituent as a seed layer. Exaggerated plaiting of Examples 1, 2, and 
5 is carried out to about 2.5 thru/or the thickness of about 7.5 microns (100 thru/or 300 microinches) by 
copper electroless deposition. 

[0072] Although "example of resistance" this invention was described mainly about a conductive and non- 
conductive through hole and Bahia, a through hole and Bahia can be filled up with the restoration 
constituent of expected specific resistance, and resistance can also be formed in Bahia or a through hole. 
Resistance is the component of a circuit and has predetermined resistance. By using the through hole or 
Bahia which has resistance, between circuit plate [ which is occupied by the chip according to individual or 
resistance of a pin Inn Hall mold ] surface absentminded can be decreased. By this approach, an allowable 
error can be small, and can reduce cost as compared with the resistance which performed manufacture 
and assembly by other approaches, and the resistance by which the electrical order has been improved can 
also be obtained. 

[0073] The restoration constituent of this invention can manufacture an epoxy restoration constituent and 
a cyanate restoration constituent in order to obtain a resistance restoration constituent. To the total 
weight of a restoration constituent, a typical resistance restoration constituent does not have about 25, 
about 95%, to about 35 thru/or about 95% of conductive powder, and the total weight of a restoration 
constituent, does not have about 5 and consists of about 5 thru/or about 65% of binder preferably about 
75%. 

[0074] The resistance which has other resistance can be manufactured using the resistance type of the 
following common knowledge. 

It is a R=rho L/A top type and is R= resistance (omega). 
Specific resistance of rho= ingredient (ohm-cm) 

The die length of L= resistance = the thickness A= cross-section expected resistance of a circuit plate is 
acquired by changing the thickness of a circuit plate, the diameter of the hole with which it should be filled 
up, the specific resistance of a resistance restoration constituent, or such combination. The specific 
resistance of a resistance restoration constituent can be changed usually changing the ratio of the 
conductive powder in a restoration constituent in 0 thru/or 90% of range with carbon 0 thru/or 40% with 
copper, and adding matter, such as TaSi, NiCr, NiP(s), or such mixture, or by changing the dimension of a 
component particle, and a configuration or combining these. Furthermore, in order to acquire expected 
resistance, two kinds of different electrical resistance materials are also mixable. Resistance can be formed 
by filling up opening with a resistance restoration constituent by the radiation method, the sacrifice carrier, 
or the conventional approach. 

[0075] After precise resistance is filled up with a hole and has a restoration constituent hardened, it can be 
formed before copper exaggerated plaiting using laser or the polish trimming method. By the trimming 
method, after measuring the resistance of the both ends of resistance electrically, it trims and inspects 
again. Although a laminating is carried out to the top face and inferior surface of tongue of a circuit plate, 
the copper foil which made the hole functions as a mask of laser or polish trimming and a superfluous 
resistance restoration constituent is removed from a hole when opening is filled up with a sacrifice carrier, 
it is not removed from others. As a result of this trimming, the die length of a register is shortened and 
resistance also decreases. 

[0076] This register Inn Hall process can be used for making solder ball connection on the plated top face 
or inferior surface of tongue of an edge of resistance. Generally restoration of opening in a resistance 
restoration constituent is performed before plating of a through hole. Preferably, the resistance in a 
through hole uses the isolated end resistance required for an emitter coupled logic mold application for 
manufacturing in large quantities. 
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[0077] As compared with the conventional individual resistance assembly technique, even if the resistance 
formed into the through hole compares with others, the conventional flatness, and an embedding resistance 
technique, it has other advantages. [ improvement / in an electrical order / reduction of cost, reduction of 
the area of a circuit plate front face, the improvement in dependability, and ] These advantages have 
reduction of a manufacturing cost, and reduction of the allowable error of resistance. The design of this 
resistance can be used also for the application of high-reliability desirable although the leakage test 
between adjoining networks is performed by filling up with a resistance restoration constituent a hole 
required after the leakage test of the through hole made newly. When carrying out as a final process, a pad 
can be formed on the edge which covered the edge of resistance with the epoxy ingredient in which 
conductive soldering is possible, or plated it, and resistance exposed. The exaggerated plaiting method 
indicated on these specifications also by the conventional approach may be used for such plating. 
[0078] 3, the 4-epoxycyclohexylmethyl -3, 4-epoxy cyclohexane carboxylate about 4.25 weight section 
which are marketed under the name of ERL-4221 from example (Example 1) Union Carbide (Union Carbide) 
of a restoration constituent, The hexahydrophthalic anhydride methyl about 4.31 weight section, the 
Tone0231 about 1.12 weight section marketed from Union Carbide, The 2-ethyl-4-methylimidazole about 
0.326 weight section, Poly marketed from Elf Atochem North America (Elf Atochem North America Inc.) 
Bd-605 about 1.17 weight section, The particle diameter marketed from alkane powder - and - pigment 
(Alcan Powder and Pigments) blended the less than 10-micron copper powder about 100.86 weight section, 
and generated the alicyclic epoxy restoration constituent. Bahia in a card was filled up with this constituent 
using the radiation method. This constituent was stiffened at about 140 degrees C for about 1.5 hours. 
Next, exaggerated plaiting of Bahia with which it was filled up was carried out by the following exaggerated 
plaiting method. After a part of Bahia carried out seeding of the front face first in the non-electrolyzed 
booth of Shipley, it performed acid plating with the conventional method using the acid coppering bath of 
Shipley. Other parts performed non-electrolytic copper plating using Shipley C3000, after carrying out 
seeding of the front face with Pd/Sn colloid. In the card filled up with Bahia, in a solder ball connection 
technique, when 20 thru/or a 80-degree C ATC test were estimated as 2650 cycle lines, failure was not 
accepted. Furthermore, failure was not produced although the solder impact test was repeated 3 times. 
When other parts of Bahia were plated as a seed layer of electroless deposition using the copper in a 
restoration constituent, exaggerated plaiting of Bahia with which it was filled up by this exaggerated plaiting 
method was carried out appropriately. 

[0079] (Example 2) 3, the 4-epoxycyclohexylmethyl -3, 4-epoxy cyclohexane carboxylate about 4.32 weight 
section which are marketed under the name of ERL-4221 from Union Carbide (Union Carbide), The 
hexahydrophthalic anhydride about 4.16 weight section, the Tone0231 about 1.08 weight section marketed 
from Union Carbide, The benzyl dimethylamine about 0.052 weight section, Poly marketed from Elf 
Atochem North America (Elf Atochem North America Inc.) Bd-605 about 1.06 weight section, The particle 
diameter marketed from the Mets meta-large cull corporation (Metz Metallurgical Corporation) blended the 
less than 4-micron copper powder about 42.36 weight section, and generated the alicyclic epoxy 
restoration constituent. The plated through hole was filled up with this constituent using the radiation 
method. This constituent was stiffened at about 140 thru/or 150 degrees C for about 2 hours. 
[0080] (Example 3) The 3 and 4-3-epoxycyclohexylmethyl -3, 4-epoxy cyclohexane carboxylate about 4.4 
weight section which are marketed under the name of ERL-4221 from Union Carbide (Union Carbide), The 
hexahydrophthalic anhydride methyl about 4.00 weight section, the Tone0231 about 1.15 weight section 
marketed from Union Carbide, The benzyl dimethylamine about 0.072 weight section, Poly marketed from 
Elf Atochem North America (Elf Atochem North America Inc.) Bd-605 about 1.20 weight section, The 
particle diameter marketed from alkane powder - and - pigment (Alcan Powder and Pigments) blended the 
less than 10-micron copper powder about 31.77 weight section, and generated the alicyclic epoxy 
restoration constituent. The plated through hole was filled up with this constituent using the radiation 
method, and was stiffened at about 140 thru/or 160 degrees C for about 1.5 hours. 

[0081] (Example 4) The 3 and 4-3-epoxycyclohexylmethyl -3, 4-epoxy cyclohexane carboxylate about 4.50 
weight section which are marketed under the name of ERL-4221 from Union Carbide (Union Carbide), The 
hexahydrophthalic anhydride methyl about 4.34 weight section, the Tone0231 about 1.08 weight section 
marketed from Union Carbide, Are marketed from benzyl dimethylamine about 0.11 weight section and 
alkane powder - and - pigment (Alcan Powder and Pigments). Particle diameter blended the less than 10- 
micron copper powder about 45.36 weight section, and generated the alicyclic epoxy restoration 
constituent. It was used for being filled up with the through hole which plated this constituent with the 
radiation method. Next, this constituent was stiffened at about 140 thru/or 160 degrees C for about 2 
hours. 
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[0082] (Example 5) Are marketed under the name of 8212 from Ciba-Geigy (Ciba-Geigy). The epoxy 
novolak 20.18 weight section containing methyl-ethyl-ketone about 30%, The copper powder about 55.4 
weight section marketed from alkane powder - and - pigment (Alcan Powder and Pigments), A finishing 
agent, i.e., the silane coupling material Z-6040 about 0.18 weight section marketed from Dow Corning (Dow 
Corning), and the 2-ethyl-4-methylimidazole about 0.045 weight section are blended. The novolak epoxy 
restoration constituent was generated. In order to make it the viscosity suitable for coating about 28g (1 
uncia) copper foil at the time of being filled up with Bahia with a sacrifice carrier, the methyl ethyl ketone 
of the about 10 weight section was added. The copper foil which set thickness of coating to 0.05mm (0.002 
inches), 0.1mm (0.04 inches), and 0.16mm (0.0065 inches) was used. Various kinds of substrates, for 
example, thickness, 1mm (0.04 inches), 1.5mm (0.06 inches), At intervals of 2.5mm (0.1 inches) and various 
kinds of Bahia diameters (0.05mm (0.002 inches)), and 0.1 thru/or 0.3mm (0.004 thru/or 0.012 inches), The 
pattern 20cmx3.8cm (8x1.5 inches) (several 1000 of Bahia) FR-4 circuit plate was placed during the 
laminating press with the mask which carried out alignment to the pattern of the hole of a substrate. The 
coated side was turned to the mask of a polyamide and the sacrifice carrier was placed. Next, after putting 
the whole package on the bottom of a vacuum for 7 minutes, it heated. Peak temperature was made into 
185 degrees C, and laminating pressure 10 kgf/cm2 (150psi) was held for 2 hours. It was completely filled 
up with all Bahia of the thing of various kinds of substrates, the Bahia diameter, and coating thickness. 
After carrying out seeding of the front face for the panel which has Bahia with which it was filled up first, 
non-electrolytic copper plating was performed using Shipley C3000. 

[0083] (Example 6) From Ciba-Geigy (Ciba-Geigy) to Arocy The copper powder about 43.5 weight section 
and the octanoic-acid zinc about 0.25 weight section which are marketed from bisphenol A D JISHIANETO 
about 7.6 weight section and alkane powder - and - pigment (Alcan Powder and Pigments) which are 
marketed under the name of L10 were blended, and the cyanate ester restoration constituent was 
generated. Bahia was filled up with this constituent using the radiation method, and was stiffened in 
nitrogen-gas-atmosphere mind at about 200 thru/or 220 degrees C for about 3 hours. 
[0084] (Example 7) From Ciba-Geigy (Ciba-Geigy) to Arocy The copper powder about 43.5 weight section 
and the octanoic-acid zinc about 0.25 weight section which are marketed from the bisphenol A D 
JISHIANETO about 7.6 weight section marketed under the name of L10, the EPON828 about 2.5 weight 
section of ShellChemical (ShellChemical), alkane powder - and - pigment (Alcan Powder and Pigments) 
were blended, and the cyanate ester restoration constituent was generated. Bahia was filled up with this 
constituent using the radiation method, and the constituent was stiffened at about 180 thru/or 190 
degrees C for about 2 hours. 

[0085] (Example 8) From Ciba-Geigy (Ciba-Geigy) to Arocy The copper powder about 44.5 weight section 
and the octanoic-acid zinc about 0.25 weight section which are marketed from the bisphenol A D 
JISHIANETO about 7.6 weight section marketed under the name of L10, the cresol novolak epoxy resin 
ECN-1280 about 3.5 weight section of Ciba-Geigy (Ciba-Geigy), alkane powder - and - pigment (Alcan 
Powder and Pigments) were blended, and the cyanate ester restoration constituent was generated. Bahia 
was filled up with this constituent using the radiation method, and was stiffened at about 175 thru/or 195 
degrees C for about 2 hours. 

[0086] (Example 9) From Ciba-Geigy (Ciba-Geigy) to Arocy The copper powder about 43.5 weight section 
and the octanoic-acid zinc about 0.25 weight section which are marketed from bisphenol A D JISHIANETO 
about 7.6 weight section [ which is marketed under the name of L10 ], dinonylphenyl cyanate about 2.5 
weight section, and alkane powder - and - pigment (Alcan Powder and Pigments) were blended, and the 
cyanate ester restoration constituent was generated. Bahia was filled up with this constituent using the 
radiation method, and the constituent was stiffened at about 160 thru/or 190 degrees C for about 2 hours. 
[0087] (Example 10) The copper powder about 45.3 weight section marketed from bisphenol M 
JISHIANETO about 8.5 weight section [ which is marketed under the name of RTX-366 from Ciba-Geigy 
(Ciba-Geigy) ], bisphenol A D JISHIANETO about 1.5 weight section, and alkane powder - and - pigment 
(Alcan Powder andPigments), the octanoic-acid zinc about 0.2 weight section, and the methyl-ethyl- 
ketone about 20 weight section were blended, and the cyanate ester restoration constituent was 
generated. The copper foil of about 28g (1 uncia) sacrifice carrier was coated with this constituent, it was 
air-dried, in about 140-degree C oven, for 3 thru/or 4 minutes, the bridge was made to construct over 
imperfection and the same evaluation as Example 5 was performed. 

[0088] (Example 11) From Ciba-Geigy (Ciba-Geigy) to Arocy The copper powder about 45.5 weight section 
marketed from the bisphenol A D JISHIANETO about 8.2 weight section marketed under the name of L10, 
the EPON828 about 2.5 weight section of ShellChemical (ShellChemical), alkane powder - and - pigment 
(Alcan Powder and Pigments), the octanoic-acid zinc about 0.25 weight section, and the methyl-ethyl- 
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ketone about 30 weight section were blended, and the cyanate ester restoration constituent was 
generated. The copper foil of about 28g (1 uncia) sacrifice carrier was coated with this constituent, it was 
air-dried, in about 140-degree C oven, 3 thru/or B stage during 4 minutes were stiffened, and the same 
evaluation as Example 5 was performed. As for Bahia, it filled up with various kinds of substrate, all Bahia 
diameters, and all coating thickness completely. 

[0089] (Example 12) Are marketed under the name of 8212 from Ciba-Geigy (Ciba-Geigy). The epoxy 
cresol novolak resin 30.6 weight section containing methyl-ethyl-ketone about 30%, The copper powder 
about 63.6 weight section marketed from alkane powder - and - pigment (Alcan Powder and Pigments), 
The silane coupling material Z-6040 about 0.22 weight section marketed from Dow Corning (Dow Corning), 
The 2-ethyl-4-methylimidazole about 0.03 weight section and the carbon black marketed from the Cabot 
corporation (Cabot Corporation), Vulcan P about 20.5 weight section was blended, and the novolak epoxy 
restoration constituent was generated. In order to make it the viscosity suitable for coating about 28g (1 
uncia) copper foil at the time of being filled up with Bahia with a sacrifice carrier, the methyl ethyl ketone 
of the about 1 0 weight section was added. The proper electric resistance of an epoxy constituent was 0.05 
ohm-cm. The copper foil which set thickness of coating to 0.05mm (0.002 inches) and 0.075mm (0.003 
inches) was created. 

[0090] Thickness placed the substrate of 1.5mm (0.06 inches), the Bahia diameter of 0.35mm which has not 
been plated, and the pattern 20cmx3.8cm (8x1.5 inches) (several 1000 of Bahia) FR-4 circuit plate during 
the laminating press with the mask which carried out alignment to the pattern of the hole of a substrate. 
The coated side was turned to the mask of a polyamide and the sacrifice carrier was placed. Next, after 
putting the whole package on the bottom of a vacuum for 7 minutes, it heated. Peak temperature was 
made into 185 degrees C, and laminating pressure 10 kgf/cm2 (150psi) was held for 2 hours. It was 
completely filled up with all Bahia of the thing of various kinds of substrates, the Bahia diameter, and 
coating thickness. Next, the hole was made in the circuit plate, seeding was carried out with the colloid of 
palladium tin, acid coppering was performed with the conventional method, the circuit was formed, and it 
covered with the copper which plated each edge of resistance. The average resistance of the resistance in 
a hole was 50ohms. 

[0091] (Example 13) Are marketed under the name of 8212 from Ciba-Geigy (Ciba-Geigy). The epoxy 
cresol novolak 20.6 weight section containing methyl-ethyl-ketone about 30%, The carbon powder black 
PARUZU (Black Pearls) 2000 about 37.5 weight section of the Cabot corporation (Cabot Corporation), The 
silane coupling material Z-6040 about 0.2 weight section and the 2-ethyl-4-methylimidazole about 0.045 
weight section which are marketed from Dow Corning (Dow Corning) were blended, and the novolak epoxy 
restoration constituent was generated. In order to make it the viscosity suitable for coating about 28g (1 
uncia) copper foil at the time of being filled up with Bahia with a sacrifice carrier, the methyl ethyl ketone 
of the about 10 weight section was added. The copper foil which set thickness of coating to about 0.05mm 
(0.002 inches) and 0.075mm (0.003 inches) was created. The laminating of these copper foil was carried out 
to FR4 circuit plate like Example 12. 

[0092] (Example 14) 3, the 4-epoxycyclohexylmethyl -3, 4-epoxy cyclohexane carboxylate about 4.4 weight 
section which are marketed under the name of ERL-4221 from Union Carbide (Union Carbide), The 
hexahydrophthalic anhydride methyl about 4.0 weight section, the Tone0231 about 1.1 1 weight section 
marketed from Union Carbide (Union Carbide), The 2-ethyl-4-methylimidazole about 0.296 weight section, 
softening agent Poly marketed from Elf Atochem North America (Elf Atochem North America Inc.) Bd-605 
about 0.9 weight section, Are marketed from alkane powder - and - pigment (Alcan Powder and Pigments). 
The carbon black by which particle diameter is marketed from less than 10-micron the copper powder 
about 43.86 weight section and the Cabot corporation (Cabot Corporation), Vulcan XC72 about 1 1 weight 
section was blended, and the alicyclic epoxy restoration constituent was generated. The above-mentioned 
ingredient was blended using the low shear mixer, performed gas drainage by the vacuum desiccator, and 
placed it into the freezer for the trial. Next, the radiation method was used and filled up with this 
constituent, and Bahia was stiffened at about 140 degrees C for about 2 hours. 

[0093] (Example 15) From Ciba-Geigy (Ciba-Geigy) to Arocy The bisphenol A D JISHIANETO about 6 
weight section marketed under the name of L10, The EPON828 about 4.5 weight section of ShellChemical 
(Shell Chemical), The copper powder about 30.5 weight section marketed from alkane powder - and - 
pigment (Alcan Powder and Pigments), Carbon black, Vulcan which are marketed from the Cabot 
corporation (Cabot Corporation) P about 6 weight section and the octanoic-acid zinc about 0.10 weight 
section were blended, and the cyanate ester restoration constituent was generated. Bahia was filled up 
with this constituent using the radiation method, and was stiffened at about 180 degrees C for about 1.5 
hours. 
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[0094] (Example 16) The bisphenol M JISHIANETO about 6 weight section marketed under the name of 
RTX-366 from Ciba-Geigy (Ciba-Geigy), From Ciba-Geigy (Ciba-Geigy) to Arocy The bisphenol A D 
JISHIANETO about 6 weight section marketed under the name of L10, The copper powder about 4.3 weight 
section marketed from alkane powder - and - pigment (Alcan Powder and Pigments), Carbon black, Vulcan 
which are marketed from the Cabot corporation (Cabot Corporation) XC72 about 9 weight section and the 
octanoic-acid zinc about 0.15 weight section were blended, and the cyanate ester restoration constituent 
was generated. Bahia was filled up with this constituent using the radiation method, and was stiffened at 
about 185 degrees C for about 2 hours. 

[0095] The whole of the above-mentioned example 2 thru/or 16 was completely filled up with Bahia. 
[0096] Although this invention is described mainly about attachment of a solder ball connection module, the 
conventional surface attachment component or direct chip attachment C-4 solder joint is applicable to 
other surface equipments. 

[0097] As a conclusion, the following matters are indicated about the configuration of this invention. 
[0098] (1) It is the restoration constituent filled up with Bahia of a circuit carrier, and a through hole. a. 
About 5 thru/or about 65% of the weight of the i. abbreviation 25 thru/or about 100% of the weight of 
cycloaliphatic epoxy resin, a novolak epoxy resin, a cyanate ester resin, and resin chosen from the group 
who consists of such mixture, When resin is cycloaliphatic epoxy resin, ii.O thru/or about 75% of the weight 
About 25 thru/or about 75% of the weight of a curing agent, the catalyst of sufficient amount to promote 
hardening of the iii. above-mentioned resin — since — with the becoming binder b. Restoration constituent 
which there is no opening substantially and is characterized by contraction being less than about 0.8% when 
Bahia and a through hole are made to fill up with and harden the above-mentioned restoration constituent 
including about 35 thru/or about 95% of the weight of conductive powder. 

(2) The restoration constituent of the above-mentioned (1) publication which the above-mentioned resin is 
cycloaliphatic epoxy resin whose molecular weight is about 200 thru/or 800, and the above-mentioned 
curing agent is an anhydride curing agent, and is characterized by the above-mentioned conductive powder 
consisting of a metal powder. 

(3) The restoration constituent of the above-mentioned (2) publication which the above-mentioned 
cycloaliphatic epoxy resin is 7-oxabicyclo (4.10) heptane-3-carboxylic-acid 7-oxabicyclo (4.1) hept-3- 
ylmethyl ester, the above-mentioned catalyst is a tertiary amine or an imidazole, and an anhydride curing 
agent is a hexahydrophthalic anhydride or a methyl hexahydrophthalic anhydride, and is characterized by 
conductive powder consisting of a metal powder. 

(4) the above — resin — epoxide — per — weight — about — 200 — or — about — 500 — epoxy - 
novolak resin — it is — further — about — ten — or — about — 60 — % — an organic solvent — 
containing — things — the description — ** — carrying out — the above — ( — one — ) — a publication 
— restoration — a constituent . 

(5) The restoration constituent of the above-mentioned (4) publication characterized by for the above- 
mentioned epoxy novolak resin being [ for the above-mentioned curing agent ] weight per epoxy equivalent 
230 [ about ] thru/or a thing with about 400 melting point of about 80 degrees C including 
tetrabromobisphenol A including a methyl ethyl ketone for the above-mentioned organic solvent, and the 
above-mentioned conductive powder being carbon. 

(6) The restoration constituent of the above-mentioned (4) publication characterized by for the above- 
mentioned epoxy novolak resin being [ for the above-mentioned curing agent ] weight per epoxy equivalent 
230 [ about ] thru/or a thing with about 400 melting point of about 80 degrees C including 
tetrabromobisphenol A including a methyl ethyl ketone for the above-mentioned organic solvent, and the 
above-mentioned conductive powder being a metal. 

(7) The restoration constituent of the above-mentioned (6) publication characterized by the above- 
mentioned conductive powder containing copper. 

(8) The restoration constituent of the above-mentioned (1) publication characterized by the above- 
mentioned resin being a cyanate ester resin. 

(9) The restoration constituent of the above-mentioned (8) publication with which the above-mentioned 
cyanate ester resin is characterized by the above-mentioned catalyst being octanoic-acid zinc or 
octanoic-acid manganese including 4 and 4-ethylidene bisphenol JISHIANETO. 

(10) The restoration constituent of the above-mentioned (8) publication with which the above-mentioned 
cyanate ester resin is characterized by the above-mentioned catalyst containing octanoic-acid zinc 
including bisphenol M JISHIANETO. 

(11) The restoration constituent of the above-mentioned (8) publication with which the above-mentioned 
cyanate ester resin is characterized by the above-mentioned catalyst being octanoic-acid zinc including 
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bisphenol M JISHIANETO and 4, and 4'-ethylidene bisphenol JISHIANETO. 

(12) The restoration constituent of the above-mentioned (8) publication with which the above-mentioned 
cyanate ester resin is characterized by the above-mentioned catalyst containing octanoic-acid zinc 
including the diglycidyl ether of 4 and 4'-ethylidene bisphenol JISHIANETO and bisphenol A. 

(13) The restoration constituent of the above-mentioned (8) publication with which the above-mentioned 
cyanate ester resin is characterized by the above-mentioned catalyst containing octanoic-acid zinc 
including 4 and 4'-ethylidene bisphenol JISHIANETO and dinonylphenyl cyanate. 

(14) the above — a cyanate ester resin — four — four — ' - ethylidene — a bisphenol — JISHIANETO — 
and — weight per epoxy equivalent — about — 230 — or — about — 400 — the melting point — about - 

- 80 — degree C — it is — epoxy - cresol - novolak resin — containing — a catalyst — an octanoic acid 

— zinc — containing — things — the description — ** — carrying out — the above — ( — eight — ) — a 
publication — restoration — a constituent . 

(15) the approach filled up with openings, such as Bahia in a substrate, or a through hole, — it is — a. — 
an approach including the process which prepares the substrate which has at least one opening with which 
it should be filled up, prepares the injection equipment for injecting a restoration constituent to opening 
including b. restoration constituent, and injects c. restoration constituent to opening. 

(16) The approach of the above-mentioned (15) publication which the above-mentioned restoration 
constituent contains the metal, and is characterized by using this metal as a seed layer in order to carry 
out the exaggerated plate of the opening with which it was filled up further. 

(17) It is the approach of supplying a hardenability restoration constituent to openings, such as Bahia in a 
substrate, or a through hole. a. Prepare the substrate which has at least one opening with which it should 
be filled up, and b. restoration constituent is prepared, c. Prepare the carrier of a restoration constituent 
and the above-mentioned carrier is coated with d. restoration constituent, e. The mask which has at least 
one opening by which alignment was carried out to opening of the above-mentioned substrate is placed on 
the front face of the above-mentioned substrate, f. Approach including the process which the above- 
mentioned carrier which coated the above-mentioned restoration constituent is placed [ process ] on the 
substrate which placed the above-mentioned mask, and the sufficient heat and sufficient pressure for the 
g. above-mentioned carrier are put [ process ], and makes the above-mentioned restoration constituent 
flow into the above-mentioned opening. 

(18) The approach of the above-mentioned (17) publication which the above-mentioned restoration 
constituent contains the metal, and is characterized by using this metal as a seed layer in order to carry 
out the exaggerated plate of the opening with which it was filled up further. 

(19) the approach of forming resistance into a circuit carrier — it is — a. — an approach including the 
process which prepares the circuit carrier which has at least one opening, fills up b. opening with a 
resistance restoration constituent, prepares the resistance which the edge exposed, measures the 
resistance of c. resistance, trims d. resistance, and acquires expected resistance. 

(20) The approach of the above-mentioned (19) publication which the above-mentioned restoration 
constituent contains the metal, and is characterized by using this metal as a seed layer in order to carry 
out the exaggerated plate of the opening with which it was filled up further. 

(21) the approach of forming the resistance which has predetermined resistance into a circuit carrier — it 
is a. the specific resistance value of the ingredient which needs at least one dimension or the volume 
to prepare the circuit carrier which has known opening and acquire predetermined resistance by the 
formula of b. following — calculating — R=rho L/AR= resistance (omega) 

Specific resistance of rho= ingredient (ohm-cm) 

The die length of L= resistance = an approach including the process which generates the restoration 
constituent of the specific resistance value of the ingredient calculated at the thickness A= cross-section 
c. process b of a circuit plate, and fills up the d. above-mentioned opening with the above-mentioned 
resistance restoration constituent. 

(22) Prepare the 1st circuit carrier which has at least one opening, the approach of connecting between 
two circuit carriers — it is — a. — b. The 2nd circuit carrier which has at least one solder ball is prepared 
on a front face. c. Approach including the process which prepares a restoration constituent, fills up the d. 
above-mentioned opening with the above-mentioned restoration constituent, carries out the exaggerated 
plate of the metal to at least 1 edge of opening which carried out the e. above-mentioned restoration, 
forms a pad, and connects the f. above-mentioned solder ball to the above-mentioned pad. 

(23) a. — the circuit carrier which forms the 1st circuit carrier which has opening filled up with at least one 
restoration constituent, and consists of a solder ball prepared in the top face of the metal pad prepared in 
the top face of opening of which b. restoration was done, and c. pad. 
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(24) The circuit carrier of the above-mentioned (23) publication characterized by being the through hole 
which the above-mentioned opening plated, or plated Bahia. 

(25) The circuit carrier of the above-mentioned (23) publication characterized by being the through hole 
which the above-mentioned opening does not plate, or Bahia which is not plated. 

(26) The circuit carrier of the above-mentioned (23) publication characterized by having the 2nd circuit 
carrier further on the above-mentioned solder ball. 

[0099] 

[Effect of the Invention] Using the Bahia restoration constituent of this invention, solder ball connection 
could be directly made to Bahia and a through hole by being filled up with Bahia of a circuit plate, and a 
through hole, thereby, reduction of the area of a circuit plate front face, compaction of signal-line die 
length, and improvement in wiring nature were attained, and the soldered joint with high dependability was 
performed. 
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* NOTICES * 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Dra wing 1] It is the sectional view which filled up with the epoxy constituent of this invention and covered 
the edge with the copper layer and in which showing the plated through hole. However, a scale is not as 
the actual thing. The solder ball is placed on the copper layer. 

[Draw ing 2] It is the schematic drawing of the displacement-type pump system used for the injection 
approach of this invention. 

[Dr awing 3] It is the sectional view which applied the sacrifice carrier which coated the restoration 
constituent to the substrate. However, a scale is not as the actual thing. 

[Drawi ng 4] It is the sectional view showing the substrate which has opening with which it was filled up with 

the sacrifice carrier. However, a scale is not as the actual thing. 

[Description of Notations] 

1 2 Substrate 

14 Through Hole 

16 Restoration Constituent 

18 Pad 

20 Solder 

22 Solder Ball 

24 Solder 

26 Chip Carrier 

100 Injection Equipment 

102 Pump 

104 Piston 

108 Air Cylinder 

112 Chamber 

114 Container 

120 Chip 

122 Substrate 

126 Sheet 

1 28 Template 

130 Impregnation Chip 

132 Opening 
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DRAWINGS 



[Drawing 1] 
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U*>J2 0*a%©5g#:§iJ^6fe-5»„ 
[0018] flHBSCi#*J/fflfiS«|ttaSBPJ*£*<!:Ofe 

«ffl«NB*J^«K:«iS« £ ft £o *f£HJ©IIISS;x -> 

ej#B«;t. ?§ffl^WLfei^\ a&^sfre-**. s 

* L X fc #^14W«ifJW # 0. 2M*%*«-C*So 
[0019] JfSfeltij^xtf *M§JH§», 1 fl^fc 
»)2fi«±01, 2i^^MMt4, #i"Ji^ 

tcummm, «m#t*fe urx**^ 
fbur^is-rSo mmmma, flatc«BWb***#* 

#>M. KEfMSj. £fc«^r>©^Tft*>£Klt.$-tt 
r, -fb^R-COOOH**lS3-B-.&. C*i6©t**4 

«^*D©fc©r*o. cn^c^BKKonrti. j. ^ 

— FV> (J. Byrdson) , 7"7X? ^ • 7f iJT^X 
(Plastic Materials) . 1 9 6 6$^ P. 4 7 1 {CfB 
tt3*lTt,>S. C© J: "5 fe#^ ^y^x-f-^flgJSS 

x^+vtoj, atuBtswu x#*>>f«#&©- 

*->#Mi»> xxf^*S^«r^tf*>©-C«>J:t,»„ jlLfc 

#^ y ^^^x-T-^fli^x^+^ttttia, ne©« 
iiSrW-rSo 



S «:«&fn«t«jB, RttCHOCH 2 , O (CH 2 ) 
r CHOCH 2 , OC (CH.J^HOCH,©^^ 
#»6«tRl,fc*, RUCHjOOCfciyCHjOOC 40 

(ch 2 ) ,cooo^-7>e>as?L/ytsr*^. 

[0 0 2 0] aSft#yyv^l/x-y;HCTK5i?I<+ 
Mb^©WCC«, 3, 4 -X# + ^#n^^>;l^ 
^;V-3, 4 -x^^>^p^^>#;V#^>'U- 

h\ 3, 4- 

Xtf+f - 6 - J* 2 Xl^^is , A- 

^n^>£^x>^**iM F#*4. 
[0 0 2 1] ^OlIfcO^ftlBBIiax^+t/lttBCCB, 50 



l, 2-ex(2, 3 -x#*^>^n^>*;U:*-* 

-x£>, 2, 3 -x^'>^^P^>^l/^yv 
^x^f;K tstn)Zsl?frts9xi^V>- 1 , 2- 
5^*;;M<4 a t'U- K 3, 4 -xsp+i/i/^o^+^l/ 
yys/^Mi/x— ^i/, trx- (2, 3-x#+->^n 
x-fvk ex- (3, 4 -xtf^vv^u 
^+>-;l/) x-f^k 5 (6) - Wisis)l~2 ~~ 
(1. 2 -xtf^x*;!,) b^>#P [2. 2. 1 ] 
y'Z>. ->^a^if-i f 3 -^x>^^+i^>r h\ 

3, 4 -X^->- 6 -M ?)lisZ>U^*is)l>J 

3 4 •-x^^v'- 6 '-y >^;;b 

[0 0 2 2 ] 1, 2-x^^->S^g.«©^^o/S J ?-* 



(6) 

9 

*^BzJMk 3-r^7xy-;VON, N, O-hU 
y y i/^iKHIft, y *A«©y y 

y^ju^+s^ntrrtO -5, 5-t^7^b#>F 

(5, 1 -yy^^;Ufc:y>h>r>-3 

B£«*fc»i?re**. io 
[0 0 2 3] »*Ol^jnBWx**t/*IB«:», 

> • il — ^-i F?± (Union Carbi deCompany) ^^ERL 
-4 2 2 l(D^ia«rTfjSg$tir^S3, 

>*7;l/tf^>U~F, (SMfeS : 7-^^1ffc^>^P 
(4. 1 0) - 3 - *;^>B7 -t+tt^ 

(4. 1 ) "V/F-3 -J)\sJ?)VX-Z7~)l>) 
^\a^-^"> • Ftt (Union Carbide Company) 

*6ERL-4 2 9 9CD^ D D a «rr1:|g$nT^^3, 4 
-x^^v^n^^i^^- 3 -4 -x^+^v 20 
^n-^-y- F ir^t">Kfcrx (3, 
4-X7j<+^>^n^+v;l/) *fc©«^*3W*S B 
[0 0 2 4] C©BiaiSCi#*V«|«itt5 0ftt>L#J 
5 0 O0x#*^S£WU *?* L < «#J5 0 1/ 
^2 50t$>6 o tt14«2 5°CC^1 0 0 0*:>^T 

se»icjf*o< wskj3 00^160 ot>^rx, 

0< »fa3 0 0^l^ft4 5 0t>WXt' 
#^Mttifo2 0 0ttt>LiB8 0 0, 2£>«?2:U 
<ttfa2 0 0&1>L#J7 0 0, ty«Kiffl2 0 0 30 
^lfi5 0 0, F^/c^<DS»*$>j5 0frl> 

U&J5 0 0, tSft50ft^Lfa3 0 0r**o 

S«iffl0^7X^Wg[i 1 3 0 °C«±, *?* L < 

tti 4 0°cw_hr&&o Uc7)^t, Hiats;^#*^« 
i/ffl«©*7^e»fiS^ 1 3 0 -ctUifc&s <t ^ ec 

Z>Wit$m, 'Ptz< tt> HB<DT>fc Ky F*£?tr& 

tibvmfcmcte* 7^«», -Yv^^BHSWc 

Fn^^^MJUl*^ 1, 3, 5, 6, 
2, 3, 6-7*h7b FP7^Jbii*t (^PU>f 

4 -//np^t^x^ 1, 2 -5-**7JM*>IMk 50 



- 1 8 8 3 9 1 

10 

7K^5, 3, 6 -^^^■;l/-4-^^P^-9"^ ; x>- 
^u^Vy>>s.y 1 , 2 

*3 h+i'- 1 . 2, 3, 6-rF7tFP7^;b 
-7h*ls- 1 . 2, 3, 6-rF7tFP 
fayj^ FKi*lJ, S/tFotayj? 
FI^K^, f F7tFPfpyj^Kim 
1ft Fntny y * YWMim. #'Jr^t>Ki* 

^ ^y-fe^^^s**^, fcj;^cti6o^»^ 
[0026] ^oflfcoaattWMWcct*, h y y y m 

JteMSj, *<Z/V7 Y^Jjh^yn^WWfo. *J 

*«few{fcsijibTja^r*«. ?p>e 

#)\,*t)VBk s T^bfViJ, bV'^f, 7-fe?5-f>K> 

:/^>-;hil r bat iwmkdz: 

^'J^^J^ y • -2r 5 (Emery Chemical C 
ompany) y • i>Tls v F (Emery Diacid) J 

^y 

[0027] mmm\m\it. -mcmm^-zvmm 

Si#*^*»C!>JR2 0Kttlf>LJftl 2 0%, »£0< 
1*8 0^1^1 10%, */c, C©*L 

[0 0 2 8 ] rMAKj i#*MWllo3R«*{B 

2>wtzz (id ftzemmm, 5 y!/-^ 

;ur^y>, N-y^Ji'^:;!/^^ y>, n-x^^^:;u 
7^-y>, #v-)i%:%mc7* b ? 
?L/>7;>, 7- F 7yf;^7^>, F'HV^n 
t°;I/T^>, b* y b*^^> ; >, r yx^;l/T5 

F r J7'^7^>, ^^f;K>^7^>, F y 
7x^7^>, h 'Jy^P^^W^ *rS ] ) 

h yx^75>t hV7 x.~)VT 5 Fy 
(2, 3-^f^>^P^^) ^>^;U 
^W5>, 1, 3-f F7^?^7^>> ; 75 



(7) 

11 

>, f'JX bV 

*s i «ri> L/ 6 (icDr y ;i/S*/c«r y l fifto 

2-yf;W^V-;K 2-x?-;Ws# 

V-;k 2 5 £V-;k 2-"^*^;W5 

#V-;k 2 —>^n-M^>;u>( ^ #V-;k 2-7* 

^ 2 -^'^f^W 5 #V-;k 

2 -x^;U-4 -J ?)14 * #V-;k 2-7x^- 

4- y^;W 5 2V-;k l-^y^W^!/-;^ 

)l~ 5, 6 -^>X-Y * #V-;k 1 * £V 

l -7'J;k2 ^f;W^V-;K 2->T 
^'7-^ 2-^pp^^V-;K 2-:/o<* 

;l4HK:fcj:, 1- (2 - fc: Kn+^r/nhTJlO 20 

-2 ^ £V-;k 2 -^^^;U-4, 5 - ^ 

y?-n-;W s #V;k 2 -7 x^;v-4 -J 5 

2 *)l>4 * £V-;k 2~x^;U-4-y 
^W*#V~;k 1, 2-V>**)V4 *#V-)\s~c$> 
2-7x^;M^?7^k 2 -7:* —A/- 4, 

5- ^bFP^^^W^7-;K 2-^^^V- 
4-^;W 5 30 
;W ^ £V-;k 1 -i/r ^1^- 2 -y*~)\,4 ^ 
#V-;k 3, 4-i/7Ji/*;^5^y-;Ht aso 

[0 0 3 0] ry#s** • x^^^affl^OUffi 
«J • xtf+^^ffllSEWtt, ^>#£« 

mS^<tCD^ttmS(C*fLr, fi6 0%ftl^fi9 5 
%. »*U<tt»7 0%*liU*j9 2%©J»«tt3Bj7R 

^S^JO^ttSfiCC^Lxr, Jftl 0%&l>Lfa6 0%, 50 



4$BB¥7 - 1 8 8 3 9 1 
12 

»*0<»tt2 5%&C^Utt6 O^OBS^ffcSa, 

SIX ttfaO. 05ft^lfilOH 

6^5%ft^b*sj2 0%<Dmkfflfr*>%:2> a Ctih<DM 

^F3fcQ<nMfcMfi2 0 0ttl>U&5 0 0t?**. 
[0 0 3 1] ISft^^^ • x#*^8tHtttmjKi* 

bF'J>i^7^ tttfll i 3 -&T»fc ^ 3 

Jl^-rt K&iW;l/ft Fi, Iffi, 2ffi, £/c&£^ffi 
7x y-^(Di^n^(!:©li^ra-e^^ 0 2«^ 

(D^SJ^T-, s s s-s, so, so 2 , CO, *Wi 
p - ^pp7j: ^ ^ y — 

/cii^o-^W7^/-;K 3, 5-^^;l/7x 
;k p - t --J&jW p - y^7x y 

-A, feJ:Wtoll7xy-jK teitfuvoi/w- 
bFo^/>^<b^l7xy^^i?n 

So 2&C>L6fi(D*iJSteJ:^6ai^L^3 0<D^IR 

Kit, *tt*/cB*«Wf^«iii*^ra©«:wj$ 

SO, SO. 1 0«KT©««JR : f**Cr2fBOIlMt 

<fc^5R, fci^B, OR'O, OR'OR'O, SR' 
S, SR'SR'S, OSiO, OSiOSiO, OCO 
R'COO, COOR'COO, SOR'SO, S0 2 R' 
SO, (R'»2ffl©«{t*3RK) sfe&atRLfcKasft^ 
0fc7^y-;^$ni» o 

[0 0 3 3 ] ja^&^ffl7*^-;KC« k 4, 4'-^ 
t Fp + ^> ? 7x^;^?;W^>, (t77 
A), 2, 4 , -> ; bFP^^7x^JW^M^ 

>, 3, 3 '-yt Fat^7x^yx?;M jt 



13 



^£>, 2, 3'-^t:FP^7x^x^7x 
r-;W£>, 4, 4'-yt Fa+^^^i^ynf 
;^x^.;M^>, 4, 4'-^t:Fn^7x^ 
-??)ly 2, 2'-^fcFn^>^7* 

^^F'j;W^>. 4, 4'-^bFat^7x^ 

Tttttt>. 4, 4 , ->fv^Pb , yf>y7i/-;i/ 

i/s-~}l><Di>{? } )isi>)l'X. — T)l>, ti^rzx— ;K b FP 
+ y>, bX7xy-;K bX7xy^A, fx?* 

• r^fb f • * ^tiiJJB, r;u+;vg»^ * 

Jl- TJlTt F • -/#5**HMB* 7W^7x/ 
• ^^AT^fb FWIB. • t pn+v 

^Xr^t: FHtlB, *U bFa^>X 

IB, ^^a^>^^>g|7xy-;HE tr*? 
x^-;i/F s ^ ^7*^)^7*;— ;l\ f*b7J?)l 
fF^T'P-tb^x/-;^ fF^^WFyT'P^b' 
y^y— ;l/ s f F7^PPb'X7xywbA, tocfctfC 

10 0 3 4] Mili&itf + Mb^^^BfflBfc 

1 #T-^c 0 1 1H«±©IIH»I5I*HS* & 

5* -JIM* to£Vttit><DM£M&&Z> 0 *fc, 1# 

jr. ^py><ttfX7xy-Ji/a, T)\s*Mtvz7 * 
Fy^7xy^;l/I, 7.x • T^f't 
F • ->#^**flMB, ^py>ft7xy-;l/ • r;Pfb 
F • v *«MB* T)i>*Mt7 *s-)i- r;i/ft 
F • -/«K*v*««B. »fb*aR7*-/-;HIMB, «ffc* 

i^py>{t7xy-«E ttx rasflakSRr^* 

>**5^F. 7'Pb'l/>^^>F, */c«^^U>** 

[0 0 3 5] jg^cC^^^ 9 * • x#**/«B|tt. 

• ii4*f— (Ciba-Geiqy) #»68 2 1 2<DMnu&X*^m* 

OH 




(8) #l§¥7 - 1 8 8 3 9 1 
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*StirCi4. 82 12«J|«, fF7^P^:bX7xy 
fb->#5 * *»IBT**. 8 2 1 2*IB»*fciB«l<fc L 

r&£ 0 821 2o»JNeftft^j«ttAlll©«Wfr* 

£ 0 ^-*4 t *-f F^fc0©*««*j2 3 0ttl>Lifc4 

0 0, IM7 0%, *»^X«»jBft»jftl 6 5ft 
l>L#*Jl 7 5°Cr*£. CCD<fc5&, *fcB0»C!)1$tt 

#7 y ^ • i** J/«Ilt>a3r»5. 82 1 

io 2«ibk:« 1 a/^-^&ffijRStir^siMfrg 

TECN 1 2 8 0j (Dx^J/ • • 

l>£x#**/^*#jRj2 3 5, m^mS 0°C(DECN 

1 2 8 0fca^r*S. ECN 1 2 8 0£»(K©«Ftt* 
*T5 TECN 1 2 9 9 j fcjB^&«||-C\ • 

[0036] rmimi x**^ - * ^wbbccjs 

l//c8gfb»Ktra\ 7x^-/*7^t»IS 1 
-ju- >> #7 M^r^;«tt7xy-;b 
20 «flB, b^7x/-^A^#7^«E feiffhn 
(bFP^>7x^;H y Zl'tj:£<Dg''gm±7 * s~ 

^nuHBicaffl-r x y • >>#5 * *iwbffj 
i». ©mfc»©«ffl(ciK5i3n'r, 2^ 

t>WbJWK. f F77 , P*^7*y^At?*5. 

C0037] *i6wtc«fflr4a^tt^sis*Biai*d 

St ^7x7-;^ bX7xy-;H <r*ny>fbbr 
^7x^-;* TJ^iHtb'X7xy-« FV* 
7x/-;H 7x;-;l/ • TA^fc F • 
BB, r;^;Mk7xy-;i/ • r^^t F • s#7v!?m 
IB, 7x^-;b • b FPt^>Xr;Vfb FIE T 
;^;Wt7xy-;b • t FP + ^OXT^fb FW 
IB. R^bMR^x-z-iMBIB. «<fc*3R/May>{fc7* 

40 WfSfb^ftfctt. fc£;UrFffi©St«3ft*{b^» 
Mb2 3 

OH OH 




«• CO. 



S*. ^A'tt^ft^m &1,>1^9<I. !ifSL<»l 50 ttl>LjR4ffl©RJ|«lR : f v *fctt-0-. -SO,- 



(9) 



18 8 3 9 1 



15 



fcO<«-CO-*W-r&2ffi©K{fc*3RS, QB1& 31 

YB^fi^tijkJR, **, *fcBlttl> 

*«ffc**X. mBifoO. Ol&l^filO, »$L< 
BO. lfcl>Ufc8, <fctl»*L/<«jKjO. bta^hm 

[0 03 8] «^b*3R»4COfflHtt, *&*>4MS 
ffe BURR, TU wl/{Bft©IH»»|fcL/<«, io 



[0040] rftoijp+MiHij co^»«fiS«j(c 



16 

IB, 



20 



:^;l/3^*S. a^&WffiB, f (Shell 
Chemical) 3&>6x?J<> (Epon) 8 2 8 CDffia^S'CrPISS 
tiTOS, x#*^*«3&Sj|ftl 8 5&l»Uttl 9 5, tt 
Wfil 2 0 0 0t>^^TX(D, t77xy-il/A® 

[0041] rx#*^«aa5S!gj©ffi«jiR»j 

r*»3fflj ffi.*TB*4#, JIBBIISx4«*^j|i«ftCcS 

^>K&*«1 ***Ff r Hfe^CB<»ttfi'©lllJ|»il 
^■J7'PfU> y y zs -)W& £<D# 'Jx-f 

©»»36i*5 B fl6©aaa**IC»rjK:B, *»fc3ffi*fc 
B2ffl(D#;l/*^>';l^ ^'JV 

[0042] &mx\ ^#*is • » ziemms&ito 

Mfc3 3 




r CHsn 



CaHT 



OH 





o 



OH 



r CHr 



T 

CHf 



n CEb 



OH 



SffnB 1 0at>L3 0 0(DffiRr*£ o 
[0 04 3] 5R4BCC#^jK*t/JU*, M)l>UV 



50 



lia!WW(D«^r^«B5 OOttOl/6 00 0, » 
SL<B1 000ftUL2500t*« B a^ianSttffJ 
fCB, 3L^> ■ F (Union Carbide) #»6 r 



(10) 



17 



-> (Tone) 0 2 3 1 OlSn a n£r TfjJRSftT l>£ , ^ 
^Sfls&ji 2 0 0<D, *'J*^n7> r>#y*-;l/ 

y — * • V # (Elf Atochem North America Inc.) 
frktfV B d 6 0 StDip^rrfjI^ntl^, ¥^ 
-fS^ 1 200&U1130 OCDx^H^Mt^^^x. 

[0044] r^Mtstt^jj ffis-c, ^m^m*^* 

sate. >r > ztmimmm^&itmmiciciLxm 
i. 6%ssjjirr* 0 aattWBSf©w», n^A-r> 

K • ^-Xtt (Rohm and Haas Co.) <Db ] J h> (Trito 
n) X- 1 0 0a^©^-<*>ttl?ffiffif©Wr*« o a 

osiKr f# e> ft SfjWSttfltw * £ . 
[0 04 5] x^i/jHrtWtt, ffitr. ffioHfbffiil 

&affj& £©t**4*$*rr s «> © r i 1 i o 
[0046] i±mx\ x#*ismmmmM'?z>mm!&i 

^F , J^F+^7> 1 N ( 2 - T * 3-T 

H^JIMOS^, x#*^«|g 1 0 0 SKc*t LT 1 &C> 
[0 04 7 ] r^r^-h7t«ffl^j ^>T*- 



(OH) 



«fIB¥7 - 1 8 8 3 9 1 
18 

* 3 6*Of?*L<tt#,9 8%&t,>Uft9 9. 9 %<Dfflffifr 

s-ji>A<DZ/#y ^^ux-^u, i/cttcneoi^ 

[0 0 4 8] ^>T*- rx^r;U^JIg^, 2«fcLL<0- 

I^ftri<tc^, ¥lft©(»»*i^ s 1st*- 
HI: 4 3 

NCO OCN 





Stf 3 . Att-lfJ^, £fcteC (CHJ (HK S 
0 2 , O, C (CFJ CH 2 OCH 2l S, C ( = 
O) , oc (=o) . S ( = 0) , OP (-0) o, o 
P ( = 0) (=0) CX CH^ATC (CHi) 

^Sr*0, nttO&l>L4©|g»r*£ 0 
[0 04 9]aifcm-hxxf;WJ, 2W*fc 

[0 0 5 0 ] Mbtt&Wfcli^T*- h« % tct^m 

WtW3 5 5 3 2 44^ 1*13 7 4 0 3 48-^ *5<fcO'» 
3 7 5 5 4 0 2-Wl«fcettSftTC>*. 

[005137 x 1 m&±<Djxjfct&mmz 

[ffc5 3 



(OH), 



(11) 



19 

7»J-;K 7^*;k aBRS&£> 
A»^4AI*»«R, IIWIK, JNE£. is&U 

mmmf%;£g>m<Di&'&m-cfoz> 0 a -o 
-so,-, -co-, -ocoo-, - s - 

[0 0 5 2] ft©a345/r*- FiXf«c[J, 
1. 3-£/ctel, 4 -z^T^- h^>-fcf>, 1, 

3, 5 - b VisTi-- h^>-fef>, 1, 3-, 1, 4 
1 , 6 - , 1 , 8 v 2, 6 , *yt«2, 7 *P 

^T^-h^7*U>, 1, 3, 6- bVUT-r-hi* 

y$tU>, 4, 4'-^Tt-Ft J 7x^;k fcf* 
U-^T^- h7x^) y 2, 2-bX(4 

->Tt-I^7x^) 7'n;0, 2, 2-fcfX(3, 

X (4 -zsT^~by x.~to) x-~r>>k fc'X (4-V 
^x^fvl^ K^t'X (4-fT* 

CHa CHi 



&m¥7- 1 8 8 3 9 1 
20 

ex (3-^DO-4-^7t-F7x^) 

10 ;b (Dow Chemical Company) r^XU-7 1 7 

8 7fT*-M <D«formjR3*lTl>£. }f*Ll^ 
Wffitt^r*- FxXfW, ^ • (Ciba-G 
eiqy) #>6A roCy-Ll 0 <DJg&%V TfijiS^ftTl* 
St^7^y-MD^>7^-h (4, 4'-x~Mj 

( Ciba-Geiqy) ^AroCy - F40 S ©iSi&fi-CrP 

i$^m^^W7WD-t J X7^y-M^>7 

*- K fcJ:^^ • (Ciba-Geiqy) ^6RT 

X - 3 6 6 0^D a D «rmi^?nri^bX^.cy-;l/M 
20 isisT*- b&foZ> 0 *s-)l>MlsisT*-b 

Mt6] 



CHi CHs 




NCO 



[0 0 54] flMDM^ftisT*- bx-XTJlffimm, 30 

(Tg) ^2 5 0&(,>U2 9 0T:cD*^*°y 

ii4*f- (Ciba-Geiqy) ^rfilgSftTl^ 
ho TtetD%, REX-3 7 8, REX-3 7 9, Ar 
oCy B-10, B-30, B-40S, B - 5 0 <D 

«tt?rrp|R 3 tir^h ex y * y a ttur* - b , 

AroCy M-10.M-20.M-30.M-40 

s, m- 5 oo^rmis^nrc^^h^^^^bx 

7xy-Jl/F'»7^- K AroCy F-40S, 

f- i o<D£foxxbWLZtix^z>^**yy )\,*wxy 40 

S. tc£Z.te. !E-*fl0«, ^7^-FxXf^Wl 

v-Mwsci^si, fa-si 5 o 

^T^-htlf^^>V>^y>^ (nonsinterin 

q) BfW)!it&sc££^*r 0 

[0 0 5 5] i»7*- hO^'U^y 
1^ 1^¥«IS^4 0%, »*L/<Jd*?3 0%etT<t 50 



OCN 

[0 0 5 6 ] ^>T^- Fx^rJWJciSl/dWc 

T>Wt#vv&* iSKthy-jA, ^WF'J^A 
;l^r-feh*-h, t^hx-f^ ^»t7f*- h^c 

[0057] rj©Wj h*»ttflE«j«c«, 

*.«T-feh>. y^^X^;U^5r h>3^^CD^ h>s^& 

[0058] wn*g«atrs^a 



(12) 



21 



r*mwau mmmat^ mtu&wi oostawbu m 

[0 05 9] WtttSBlOOlt f^-^10 6Wct' 

^ f > i o 4 *tt*saa#>^ 1 0 2 *St 4. x 
r • f oat*. SAffi i oKiSMsti. 

r> 1 0 4tcS«5Stirt'X h> 1 0 4CCtt^*gt|&-r 
^>7 , 10 2l^/c^x>;qi2fcJ;i»t« 
ffl^«JSSl 1 4CC»«Sti3fc^a-^l 1 1£WT 10 
^11 1 6fe^ttt)B^§Si 1 4fcSSKStir 

1 2(CJSaO, ^ 77'12 OF«ifC*S^ a -^l 1 

2 mm (0. 0 0 8 ^>^)-C\ * * :/#H!P$C*f±3 
*i4J:5CC5teBeK:tt'jriiS. SSI 14^6^M 
fi!E«5«. ^^-^1 1 1 2&Cfft,ffl£ 

1 1 8^653P 1 3 OtCjflLfflt. 

[0060] wtH^s loos, mn<D&szm?x y 20 

MI CD 7 s £ £ 4 fie^CDKttCD 3 > fcT A - 5 $IJfflJ 

T^£ 0 ±E<DiiStti3EA«IBtt, /A7ECD (Nova 

/ECD) ^6*7*^8 0 0CD^Sf*r, $.6t4^'JX^f 
^ ^ * tf — h^— :>a> (Creative Automation) 
*7VH 8 - 1 2©«*frCTfcJR3ftTt>£ 0 2B»ffll&Bj 

C*8K* , * » ^ <b MP i tfilit $ ft 6 J: *> icftMlc & 30 

cm 2 ( 1 0 p s i ) , ^L<[i|j3kg 

f /cm 2 (40ps i) 4 i&Kift2 5ftl>bJft4 0 
°C k »£L<«^3 0°Cr, f^4^L;tilAT5 0 
S«12 2(D"RC V Sfin 2 2fci6»«jl*LT, 
iCD^X^rilT^LMcD^- r 1 2 6^»S B CC7»- 
htt, S£i«:$Itt3-tf£#, S«l 2 2CDMP1 3 2rt 

MP 1 3 2 £/cteSR 1 2 2 0Jg«CC-SfrS^> 40 
1 2 8(CcfcO^F?n, C*ifC<i:9£3WH§P 

<*0. BBPtfiE L < 3t«2 *i£ <=£ ^ tt^iXfflJ&^lEfiS 

[0 0 6 1] Jfcfc, %BHBJt)E«£tt 1 3 0&C»Lfi2 0 
0 U Jf * Kttfil5 0 Set* Lm 1 9 0 °CCC, m2 & 
t>LiKj4«Fia, »*L<«#^2&C*L^3NF|HiaiJ»l/r 

sft^^^o c©s§n?a*ffit*, «##o. 2 5&t*L 

6. 3mm (0. Ol^tO, 2 5 >T > ? ) cDj£$&ffi 50 



^fM¥7 - 1 8 8 3 9 1 
22 

©@&^4wMcau fltSO. lfetstO. 6mm 
(0. 0 0 4ftlit0. 0 2 5 co^icafflr* 

3E*fta«!tt, l/jfeftASft 

r\ ^Rcc^ttrsffl^oiap^iaiRsiisoT 1 , ^at 

**ifiW£T4»#»6ttt> 0 

[0 0 6 2 ] r«it+*yrj*j Wtt*+yrffiB, -> 

[0 0 6 3 103-C, HP1 5 8^WtaiSl 5 6± 
KKfatifc^* * 1 5 4±<Z\ ^«fflfi»Bj 15 2^3- 

f^yufcitt+tyrisoiST. #y-f 

02 56^10. 25mm (0. OOlJ&OtO, 01 

Wft^t*. ^tyrisoit, t-7">rfti2o 

«Cl*L/*Jl 4 0°CJf3SL< «*«J1 3 0°CfC3ftl*L4^ 

ap^ur^^wbs-tts,, 2B»-r^*HiPi 5 s<om 

i£(D7KZffimc?Z2 1 5 44, SSI 5 6CD^SCcfi 

K^fo-ti-rSo *y^* K*fc«« 

(Upilex) RCD^^TTtJ^^nri^, fcT7*r.jU^- 

HJfiOfc7-/;VA3&Jaort»4. ;xcc, ^-^^>^u 
fc«Ht+ + uri5ot % ^Mtt3-f^>yufc 

ffl'J^T^CUr, v^^ 1 5 4CD_hSCg£, SIJl^UX 
(H*3tirt»ttt0 *CCAn^ 0 l 5 4«, 35 

^« ^ 1 5 4 ttHP 1 5 8 * 

is*fox\ mmomtj, tttzit, 7^i25kgf 

/cm 2 (100^b3 5 0ps i ) , »^U< Ul 
Okgf/cm 2 (150ps i) , fci^l 4 0^1^ 
bm 2 0 0 'C, Jff * K»fil 8 5 0 CcDSJSfC, 6 0^ 

flp»*w{bsi** B mmv-ivMk, ae* + yr 15 
^cc<toi»s-ra. s«i 5 6o*M±cc«ofc?tai« 
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©ccj:f)i**rs 0 c<ojimc£V), m&tfo. 05& 

^10. 6mm (0. 0 0 2ftC*L,0. 0 2 5^>?) 

T is <fc J*a^#9fc* 3 ti £ . 
[0 0 6 4 ] 04 5c, yrffi{cJ:0HP*3E«t 

[0 06 5 ] r^^y^f^/fj ;qrm 

3{C*>y**r*4#, /*3#W)2. 5&OU&12. 
5^n> (100^l5 0 0v^^p>f>^) % jf 
£L< te^5&l>L&f7. 55^P> (2 0 0&UL3 

-rfsr+BSIBtt, ^5 5m>l^5 0$RB, »*1<B10 

om^mo. 7 Ste^Lms. 25^n>(30& 
l^l 307OP^f>^) (Ship 
ley) *±(7» ^l/^C3000ft £<D*B««y ^ 

^^'U>fC3 0 0 Otti'Ofie*© r^jl/- fcVl<Fj ftE 
Slgy^MUfl (Scherin 
q) k * F (MacDermid) % V^^'U-Y (Shiple 

[0 06 6]3|-wWl/-f ^^It SSS^CDH 

ofie*©^-F»**«*fficc«#3*yfc», 

[0 0 6 7] Rg^ffii Or, h 7 * :/@ 

mt<D%T mk cc x * ^ > & c £ #r £ & „ w 1 \ 

8WLfc«IS*{c3|MII«tt*iii3e-r*^:tt, se*©*^ 

>^L//cf^fctf^ 0 vx*rfft«3ft 
fca»fcttfr*>*i*\ ^KLfcMPcDJSSP. fc<£o\ ft! 
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[0 0 6 9 ] f^rffiiur, *foftTfflM^y*F 
• ^wr«g««^ /cix.d F • • 

F • >#-#-tf - #~ FSfcttiBSS^^^ffi^t 

MP*^»TS«»4J©^B|3K^iH©##©^- FS 
fcKftttKitt*, C(D<fc5$CbT, ^^*«iESt^* 
OfcMP©^©#{C|E3£3ft, 3SSUft:»CD^>^<D 

v F • • ^° * F £ fcttfflg* ^ ^BX#1f -Y h £f# 
So C^ffi^Cj:^, 0. 25mm (0. 0W>?0 

[0 0 7 0 3 >yjc<fco, ■ 

[ 0 0 7 1 3 «lto<tV2<D^E«0fcJta?t*fc«^-f 
U-^-f >^L/cfccD-C*So mi. 2, «5<(:V5»« 

[00723 Tma<omnmi ur^mtt 

**Ci*sr*«. CO^iSCcJ:"), «©*ffir»f¥, 
[ 0 0 7 3 3 *»WO?B»ffl«»tt. i#*S^EattlJ« 
5%, »*L/<l*ft3 5ftl»L«j9 5%(Da»«tt»5R 
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t. ft»mm9<D±mm(tctti,xm5tj:<,>L,m7 5%, 

[0 0 7 4] ffiOfStatf^WT^ffitfL^, TIS(DmD(D 

mmxzm ^x mm? £ c t #r * <s . 

R= PL/A 
±5$T\ R=ffitnffl (Q) 
P=tttt©HWffiK (Q • cm) 
L = JSCtOSS = @SSKCDi¥^ 

TKffcStt, TaSi, NiCr, N i P, fcKtt, 

^tt^o^s, &vtzmt$-&. i>b<tzctih*m 

[0 0 7 5] WSf&JSfStt, fttttt/ffitH* 

KAMI,, ^W/cWu-f^/dffliFV 5 > 
[0 0 7 6 ] COU^^ • ^> • y y ^ 

[0 0 7 7 ] MM^^^^L/cffitn^, ffi*C!>fflS!lfc 
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LxmffiCDKttibtdtiltSilLicrty F*ffiSt5Ci 
[0 0 7 8] 

(#5 1 ) zl^XIs . ti — ^j f (union Carbide) ^6 
ERL-422 lCD«^rrp|RSnTt^3, 

*7-'W F#>6rfjflg3jfvCl>&T o ne0 2 3 1ftl. 

0. 3 2 6SSgB, x^'Thn^^-T^'J 
# (Elf Atochem North America Inc.) ipt> rfrSS^ftT 
l^Poly Bd-6 0 5iBl. 1 7mSSl r^* 
> • y~ - T> F • f^V > h (Alcan Powder and 
Pigments) frfcrfcJRStlTOS, 10^P 
1 0 0.8 6«*SB*iB^br, BKRS; 

**ji40°crm. 5Wt$^/t 8 #tfcasWt, 

y*u>(<DMm®j * ^mzm^xmtmcjztimftj v 

**n-otc 0 f6©8B»{iaffi*Pd/Sn3a>r KT-> 

r, y^y-sKwu«stajB*, 2oac»L8o - c©A 

[0 0 7 9 ] (^J2 ) • K (Union Ca 

rbide) ^6ERL-422 1 <D%foX rfflSSftTl^ 
3, 4-x^+^>^^n^+^;u^^ju-3, 4-x^K 

h&4. 3 211 

. F*^TfjJRSnrC^T o n e 0 2 3 

liRl. 08SSSI3, ^OtyJliP^^jlT 5>*^0. 0 
5 2SSSP, x;by • r h^A • y-* . TJV* (El 
f Atochem North America Inc.) 75>6 Tfc|££ tl"Cl^ P 
oly Bd-6 0 5ftl. 06 MM^ M y V • * $ 
^-V>Jd)\s • rJ-^h'U— > 3 > (Metz Metallurgical C 
orporation) #>£rfrSS£*lTU& s 3K^4S*S4 5^n> 
*«<Z)^|0^4 2. 3 6Iia^LT, BSBSJx^ 
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[0 0 8 0 ] (#J3 ) ZL~*y • tt-sij p (union Ca 
rbide) 3&^ERL-42 2 1 ©««rC rUflgStlT 
3, 4-3-x^y^PA.+^^-3, 4- 
x^^5>^^n-\^-^>^;^^->U- P$tl4. 411 

as, ^y-tpuy zjmmims^JimA. 0011 

g|3 s a^t> • F^^rtl^ntl^T o n e 

0 2 3 lift 1. 15 MSB, ^>^^W^>^J 
0. 0 7 2M»» • T h^A • y-* • 10 

# (Elf Atochem North America Inc.) 3&>6 TfJSSStlT 
WPoly Bd- 6 0 5ftl. 2 OfifigP, T;U# 
> . jiry • T> P • b-^y > P (Alcan Powder and 
Pigments) ^e>rfjflg£tlT(,>£, 10^P 
3 1 . 7 7SSSB£@e^LT, fllBSSCx 

6 0'CTjRl. 5^IH«ft31*fc. 
[0 08 1 ] (#14 ) ^^^> • P (Union Ca 

rbide) ^6ERL-42 2 1 ©«f*T? rfJJRSftT^-S 20 
3, 4 - 3 -x^W^n^ + ^M^^-S, 4- 

«Sk ^.x^-> • P^rfjSgStiTl^&To n 

e 0 2 3 1ftl. 0 8fiSSP, ^>y;^^»T>> 
#J0. 1 lSMgp, • • T>P • b°^ 

^> P (Alcan Powder and Pigments) #>6rftflS£ft"C 

isl^s^i 0 5 #vii'5km<Dmffi$)4 5. 36m 

[0 0 8 2 ] (#|J5 ) • (Ciba-Geigy) ^ 

£8 2 1 2CD£farTfrflK3ftri>£ x y^-jUx^l,*- p 
>#J3 0%£^tr£x#^>< • y#^5F ^2 0. 18 
mMSB, T;l^> • • T> P • P (Al 

can Powder and Pigments) rfJSRS ftTt>£S5jf&ft 
5 5. 4SSSP, MGWH *-x> 
y (Dow Corning) 6 rfrlg£ tltl^ > - JjyZ? 
'J>WZ-6 04 0fiO. 1 8SSSP, fcctO'2 -x 40 

1 y rate j: o 7^^»t ^^o, *52 8e 

JJHOfco n-f- >^(DJ¥,fr£ v 0. 05mm (0. 0 
02-Y>^) , 0. 1mm (0. 04>f>^) , teJ:^ 
0. 16mm (0. 0 0 6 5-f>^) 
bfc 0 ^fflCDSS, fc<t£fcf, fWlmm (0. 0 4 
-f>^) k 1. 5mm (0. 06>f>^) . fccfcc>'2. 50 
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5mm (0. W>^K SSO^Tflta (0. 0 5 
mm (0. 00 2-Y>^) ) r^PSrO. 3 
mm (0. 0 0 4&1>L0. 

>20cmX3. 8cm(8xi. 5-0^) T 
011 0 0 0) ©FR-4ilSfe SSOftCO;**- 
> fcttB^frl* l/cv^^iife (C^® 7* U X * &Cgl > 

STCC7»ai»r*>6»«ftLfc. «WEE#10kfff/ 
cm 2 ( 1 5 0 p s i ) ft, f-^fflR* 1 8 5°CCCU 
T2B$|fflffi}#0fc. &«CDXfc 'WritS, tecfc^n 

— 7W>^Ufc|& '>^l/-fC30 0 0»t)fct 

[0 0 8 3 ] (M6 ) • (Ciba-Geigy) 
£A r o c y LI 0 £>«**r rpflKSftT l>£ ^7 x 

• T>P • b^V> p (Alcan Powder and Pigme 
nts) *67UJR3tin>*JH«9tt4 3. 

T\ Iffl^fflOt^L, fa2 0 0&t,>0 2 2 0°C 

r\ ^^H«*r^3B$ra«5>fl:3i±/c 0 

[0 084] (#17 ) • (Ciba-Geigy) 
6 A r o c y LI 0 O^S^r rSJRStirii* \f>XV * 

t)A> (ShellChemical) (DE PON8 2 8^j2. 5ff 
SB, T)l*J> • yS^if- • T> P • b'^y > P (Alcan 
Fbwder and Pigments) ^ 6 rfiJSS tlT C^Sh||&^4 
3. 5MSSP, ^^^>K^8ift0. 2 5SSgg^@E^ 

£jl 8 0^L 1 9 0°Cr\ ft2B#r a 1^fb£if/t 0 
[0 0 8 5] (#J8 ) • #>f (Ciba-Geigy) ^ 
6A r o c y LI 0 ©«|*TrfiJ|RS#T,riiS t'X7 ^ 
/-MD^7*- P^J7. 6SSSIS. ^^-^/-/^ 
- (Ciba-Ceigy) CD^ U7-;l/ • ? ^ - x^+sy 

WIIECN- 1 28 0iR3. 5SS^B, T)l>X> • 
3^- • T > K ■ b^V > P (Alcan Powder and Picment 
s) ^^rfjJES4in^jH3l!&ft4 4. 5SSgB, 

mmm&m^xjtmL, 1^175^11 9 5°cr, h 

2«FlBWl:3-ttfc. 

[0 0 8 6 ] (#J9 ) • ^7V^- (Ciba-^eigy) ^ 
6A r o c y LI 0 <D&%$V r|?SS3 tlX C^S t'X7 ^ 

x;U^T*-P*^2. smSSB, 7W>w^^. 
T> P • b°^V> P (Alcan Powder and Pigments) fa 
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[0 08 7 ] (mi 0 ) • *}J*f- (Ciba-Geiqy) 
WRTX-3 6 6 <D£f*T rff M ShW4^7x>/ 

d^t*-h»i. 5 MSB, r^>-/^y-- 

T> F • b°^V > h (Alcan Powder andPiqments) 10 
rfJflg$ftTt>£^*&#j4 5. 3 MSB, ;**#>Bffij6 
#J0. 2 MSB, tei^V^x^^r h>^2 oaa 

[0 08 8 ] il4 ( Ciba-Geiqy) 

WArocy LI 0 <D«f*T*mjRSftr 7 
x7-;bAD^>7*-Ffi8. 2 MSB* S/xJt,-* 2 o 

(Shell Chemical) 0EPON8 2 8**J2. 51 
MSB, T^#> ->^#~ • T>F • t'^y>r (Alca 
n Powder and Pignents) fotyfcW^ tlXI<>2>Mffl$)4 

5. smsb, *tr**>wm&mo. 2 5msb, 

^y^x^>rh>ft3 OMBB^Ic^LT, */T* 
[0 0 8 9] m 1 2 ) • (Ciba-Geiqy) 

h>^j3 o%£^irr&x*-*^ ■ ^uv-^ ■ 

•^i)H3 0. 6MSB, TJltr> • • T> F 

• t:^V> h (Alcan Fbwder and Picjnents) J&^r^flg 
§ftTl>£§flt^6 3. 6MSB, 
(Dow Corninq) 6 TffflR 3 <Tt: (, > 5 • *7 v 7°V 
>^Z-6040»0, 2 2 if MSB, 2-x^;l/-4 
-y^;W5#V-;M^0. 0 3 MSB, 40 
? r • ra — — >^3> (Cabot Corporation) ^^rf? 
JRS*iri^S*-sP> '^7^, Vulcan p*tj 
20. 5il^^L/t, >>#^** • x#+*/3fBK 
««***JfltLfc. iS^t'J7aicJ:^^7^8 
TSBUD. #j2 8 g (1^>X) <D|g?g£n-7M >^ 
-rsotcjSbfctSttfc-rSfca&K:, tolOMSBcoy* 

JSJntiO. 0 5 Q • c mn-s/c. zi-y* 4*>#<om& 
0. 05mm(0, 0 02 toiM. 07 
5mm (0. 0 0 3 >f>^) il/«MUc 0 50 
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[0 0 9 0] m&ifil. 5mm (0. 0 6^>^)OS 
%Ls jtv*l,X\t>tj:\t>rt4TW$kO. 3 5mm, 
>20cmX3. 8cm(8xi. 5 >T>^) 

o»i o o o) <oFR~4m$m^. mu<of:<D'iz- 

ffiTfc7»Bi>tr^6fl«»Lfe. SJIE^ lOkgf/ 
cm 2 ( 1 5 0 p s i ) * % t'-^SS^ 1 8 5°C(CL 

r2B$raffiJtu/c 0 #a<z)ss, ^-/res, fcjco'n 

Sl/c 0 ^WcDffitfftt, ¥JWSfS*S5 0Qr*-?/c o 

[0 0 9 1 ] (0fl 1 3 ) • #H>=F~ (Ciba-Geiqy) 

^821 2<D«forffcSRSftTl>S, y^Jl/X^>r 
r>ifo3 0%?:Mt^x^^ • ^UVwi/ • ytf^ 
^20. 6 MSB. tt^;h'3^l/-> 3 > 
(Cabot Corporation) <D#-#>5|ft^;:/^ ^ • 
(Black Pearls) 2 0 00^37. 5MSB, 
• 3-x>^ (Dow Corninq) 6rfJJR3ftTl>4^ 
>'^7^7'y>^Z-6 04 0ft0. 2 MSB, 2- 
x^;U-4 -y *i\,4 * &V-)l>mo. 0 4 5 MSB* 

8g ( 1 ^*>X) OffllS^n-f-^ >^*f ScDCCjgL/c 

*^^L/c 0 a >?comfr%, $)0. 0 5 mm 

(0. 0 0 2-f>*) *$J;tf0. 0 7 5mm(0. 00 

1 2 iEiaK:FR4l3B«Ccfl|JiLifco 

[0 0 9 2 ] (Ml 4) zi^^> • ^7-/W F (Union 
Carbide) ^6ERL-4 2 2 1 ©£f*-CrfiIg3 ^ 
£3. 4 -xtf^^n-M^Uy 3, 4-x 

r *^4. 4 ft 

SB. ^tt KP7^;Hi*ty5 : ;^4. Oft 
g|5, a^t> • iJ-^J F (Union Carbide) J&^rfTflS 
3hW5Tone 0 2 3 1ftl. 1 11M 2-x 
^-4 5 #^-;L-#j0. 2 9 6SSSB, x 
^•7F^A' «7yy* (Elf Atochem Nort 

h America Inc.) ^6rPJRSnrC*4IRttS(P o 1 y 
Bd-605^0. 9 fiSSB, T^> • • T 

> F • b*^V> r (Alcan Powder and Piqments) ^6 

3. 8 6il* M^f^^-^b^^ 
(Cabot Corporation) rRSg^tlTC^^ — • 
^ ?^ Vulcan XC72IJ1 1 MSB£ffi£- 
LT, IBBISx^+^jKjfi^Jgyft^o/c,, ±|ECDM 
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[0 09 3 ] («15)^« (Ciba-Ceigy) 
*>6>A r o c y LI 0 ©gfirCrfjRSJhT l>£> bTX 7 
*>>wl>AD^T*-hift6Mffi % • 
;U (Shell Chemical) 0E PON8 2 8&J4. 5 11 
33, T;U*7> • ^"J^- • T> F • b°^y> h (Mean 
Powder and Pigments) #>6rfrIk£ftT(^&^0&J3 
0. + r • 3^U->a> (Cabot 

Corporation) 6rfiJK3tlTl>£;*7-- • zf"y y 
>?. Vu 1 can P#j6miSI5, ***>MffiJftft 

0. i ofisgp^ie^ur, ^r^-Fi^f«»a 

1>T?S«U ftl8 0°CTC, fal. 5^S!fb3ttfc 0 
[0 0 9 4] («16)^- U4*f" (Ciba-Geiqy) 
*6RTX-3 6 6 rfc JR 3 tlT l> £ fc'X 7 x J 

~MA%>%/T*~ hfi6IISP. • tfJJf- (ciba 
-Geigy) #>*E>A r o c y LI 0 <D%$FC rfrl££ftT i<> 

> • • T> F • > h (Mean Powder and 

Pigments) 6 ffiI53ftTl>£lBf&ift4 . 3MfiSB, 
h • 3— ;J<U— ^>a> (Cabot Corporation) 
#>6rfjjK3ftTl>&#-# , > • £\ Vulcan 

XC7 2fi9HBP l *^*>»iiafi0. 1511 

fc. ^>f71 coKit\ Iittjffi4ffl^-c^«^ 

[0 0 9 5] ±8B©M2&l^L/ 1 T"<T^>fT& 

[0 0 9 6 ] irv;^ • #-)vmm*i> 

[0 0 9 7 ] * LT, *«WCD«J5SK:HL/rJ!yT 

[0 0 9 8] (1) ®3&*+VT<D'*J7teJ:VRmF: 

a. #*j5frC>L#j6 511%©, 

1. ft2 5^L/fil0 0M%©, liBSx#*5y« 

/c^Jlii, 

ii. 0 4C^ft7 511%, ffiffim%mj£x#*isfflffi 

iii. JJa«J»©Wfc*flM3#*©(c4^ft«OJW» 

b. #J3 SftOOifiQ 5ll%<D#lttD*i, £^ 



(17) #HPF7 - 1 8 8 3 9 1 

32 

*»r * s c <t ^^f® i 3- £3£J»ffiS;^ o 

( 2 ) ±EflMt:W, #^1^2 006^180 0 r* 
£II3S^x Htf Jir * 0 , ±EKf tM^M4cWR{f: 

i-r*. ±is ( i ) tE«<a3E»ffija«j 0 

( 3 ) ±nmm&3-#*^mm& i - t^> * u 

(4. l 0 ) ^y'$>-3 -Jj)\s#>Ml -**Wis 

?U (4. 1) h - 3 ?Jl>X.Z7~)l>X'$> 

io ^ftawtftjaw* 1 f n y $ frmmMfa *. /c(i^ ^ 
;l^*-Ffc Fn^4?;i/SBfe*«jr*0, 
I»*6&4Ci*«fiit4, JJB (2) IBtS(D?£* 

( 4 ) ±iBttMt#, x is F i*§/c 0 (DM^ft 2 0 0 

JJB < 1 ) IB*0^«ffllt»ft. 

(5) ±fBW«SiflW*sy^;l/j:^^4r ±IE 
HtWf F 7 7'd ex 7 x y - Jb A ±IEx 

20 ^#^»^«|»sxjp**/3«ft2 3 0a^l/ 

*J*-#>-C*SCi*«fHitS, JJB (4) IBtScD 

(6) ±&mffl8m&J*)\'X-*)ltr ±B 
KtWf F 7 ^D* IfX 7 x / -JbA^ t _bfax 
iJ<+>> . v *«ffi*ix#*t/*!f«5ft2 3 0 ftti L 
m4 0 0 , Mj£jfr8 0 X!©fc©r*iJ , ifE^mtt^* 
^ir*SCi*«fl<!:t4 t iilE (4) IEtJcCD^« 

30 ( 7 ) ±ia««te»*aw*$t* c <b its, ± 

IE ( 6 ) SBtt©*M«Ji6!». 

^mi-r^, ±t a ( i ) ia«c07t«tt^o 

(9 ) ±ta->r*- hxXfJ«^4, 4 '-x^U 
McbT^,, ±K (8) SBttO^tttB^^o 

do) JiiE^r^- v^x'rhmmwvTsy * s->i> 
40 tfcisuatiti, ±ia (8) ffitto^aMHjGKJW. 

(11) ±8E^T*- rxxr^ffJHi^tf^^x 

-^i/r*-h*d* t ±fE«4^^^3?>Kffiisr 
^4ci^it4, ±ia (8) ia*s©^SMfli&B5o 

( 1 2) ±8B^T*- Fx^f^WH, 4*-x^ 
> ^ ^ y - t> 5> r ^ - h*sJ:^fc:^7 

>mm6&st*c±*:mkt?z. ±ib (8) iats©^ 

50 ( 1 3) ±!E^>T*- Fx^^HBl|#S4 1 4'-x^ 
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tfC£^#ii«, ±IB (8) IB*S03t«ft^% 0 

(14) ±IBf 7*- M^f;HS»4, 4 '-x* 

^32 30&1>L*-J4 0 0, SL**5J8 0'CT*SX!i?+J/ 
• ^UV-JL-- ASK*!* * * > 

l*lE«8*£trt:£*W«£-r.S. ±IB (8) IBtgO^t* 

(15) S^*©^' -f 7 £ fcEJSilTAlfr £©MP£3t« 10 

a. 4>&< it \m<D3m?^-%<mn*^-?z>mffi.*m 

Mb, 

(16) ±tB3£«ffi;&$l#:&)I£^-C:fo- K) . $ fcfc*c 

-Ymtbx&mtz>zt*w®Ltirz>. ±ia(i5) 

tB*X©#&. 20 

(17) Ifitfo^^TlfciifiK&i'oinfcgit 

a . 4»tr < i i ffl©^»-r^*rap*wrss«*ffl 

c. ^fflj5^©*+yr*ffl.*u 

e . ±IBS«©gfP £ ag^b-tt $ intents < t i> PS 
©I3P& -5. vx * &±IBS«©*IB±(CiSS . 

f. ±IBvx^^gc^cS«±K±IB^«lfi^^n- 30 
>^L/t±IB++ UT*g*. 

g . ±IB* + U T(C+a-^^iE^^^Wr±IB3t«ffl 
fS^£±fBgI P^fciffiAS ttSIPiSr^if 

(18) ±taSJ*«J&W^M£^Tfc*) , § 6(C?E 

- KJliLr^-rsC<!:^84ir.&. _hlE ( 1 7 ) 
iBt&©7??£„ 

(19) mss+ + yrttitcffitx^jf^-rs^a-c&o 

a . 4>fc < £ 1 fflOHP*W-S-4llK* ♦ 'J r 40 
L, 

b. HPtCffita*««BSfft*jlt«OT. JSSB#SSfflLfc 

c. Wn<Dtffim*mJ&L> 

d. JgJn^r h y 5>^L"CBlT»i©fiartfi4^eXig*^ 

(20) ±3B^«lifis6W^a4^r*s D, S ?>tc^ 
WL/cggp^-^-^i^-h-r^fcJ&CC^ g££IISr> 
-FiiOtflSffltiCitftiiti, ±13(19) 
IBiS©*ffi 0 so 
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(2D hb* + T>picwm<Dfflnmzm-trzmi*: 

a. >X>ts. <ti> l-r?©, ^ffi*fc«#8iaigE*n©HP* 

b. T5B©Sfc«fcf). pJM©fSKffi£f#£©Ct;&S&tt 
^©@WJg£tffi£itl?U 

R= pL/A 

R=mum (Q) 

i0=#f4©@*ffitt <Q • cm) 

l = ffitn©g s = m^mom $ 

d. ±EHP*±iBais*tMij««rc*«-r*xa*d 

(2 2) 2 -3©iK+ 1 'J 7ffl4KKti*ffiT*-, 
T. 

a. d>&< <t& io©Bap&w-rs!fri©H&*+y7 

b. ^ffl±tc4>&< £ 1 -3©y;l/^' • jF-;t/£Wf S 

c. s*t&jdE»*fli;Ro. 

d . ±ffiH!P{c±S^ttfiBS!»4^S« L , 

e. ±iB5&£t/fcK!P©4>&< it lffiK^t-;-! 

f . ±gy*^ • sK-;l/*±aB.rt ? Ffce^-TSIg* 
(2 3) a. $S:<i6l-30, as»fflfiK<ft*as*l/fc 

MP*=rr**i ©ass* + y Tzmfob* 

c. a«» F©±MK»WfcV^y • @ 

+ y r 0 

(2 4) ±i2iHP*s> v^btcnWAitcteJ v*Ltc 

g§+ * y r 0 

(2 5) ±IBgfP*M y*UtH<>mm-fZ&tctejt ;, + t/ 
ftl»^-f7T»4Cit«li«, ±IB (2 3 ) IBIS 

©@&g*+ yr. 

(2 6) ±Kv;U# • zK-;U±(CS6(C^2©@Bg*-f 
U7WT5Ct4««iri, ±SB (2 3) fais©@ 

K* + yr. 

[0099] 

SSK©^*-Y7*s.j;j>'Kil7v:^*TSCir, v;l^ • 

*. ejects. @s§s^ffi©Hii©§M, s^m&s 
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[02] *«§BO«ffi^SCC«fflTSa«^>^- ^ 
XrAOBg0r&£ Q 

[?9F#0^] 

1 2 as 

14 »il?t 

1 6 %mmm 

1 8 F * 
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* 2 0 
2 2 
2 4 
2 6 
1 0 0 
1 0 2 
1 0 4 
1 0 8 
1 1 2 
1 1 4 
1 2 0 
1 2 2 
1 2 6 
1 2 8 
1 3 0 
1 3 2 
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SS 

7 x >y*u- h 
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«fB§¥7- 1 8 8 3 9 1 




(51)Int.Cl . 6 

C 0 9 D 163/00 

H 0 1 B 1/20 
H 0 5 K 1/09 
3/40 
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(72)^# ^jXf-t-Vij-.Wn (72)f£9^g 
7^ y *7^*Hil3748 ^^-3-^^[^ 

394 (72)»»# 

^> 3hf>^h> - 12805 (72)^H^ 

(72)I69J# y**- K * W>r;F • 

T ^ »J *^SRai3732 ~ a - 3 - 

rt^^ls <Jy> • "y4>^~ ■ n— F5 

(72)|fclJJ3# ^3"fe7 •fa7>'^b^1f (72)#BljJJ# 

>^Af> F^-f^4252 
(72)IMJJ* ^3>'?^^^-7 7 - C72)»K# 
7 ^ 'J #^*BIl4892 ^ ;* - 3 - ? ffl ^7 

x-y^t y- • x f y- f- 

X ^ X X > >> 3 > 213 (72)^^ 
(72)^# ^-f'J^^^g- y a - 

T^U*^R@13760 ~j*-3--*!H|x 
>F r >x;l/ • F^^^1158 



tf** ■ yx£ • v;F:n^ * 

7^ >j *7^*Hl3760 ^a-3-^|X 
>F^^^ ^3^- F^-f ^3611 
>f X*? • If-f F • v^A- F 

7^ y *^*Bi3732 ~*-3-#'jtl7 

A<5^> ■ F75 

i^x-AX • ^^>->X • AX# 

r^y^7^RBi379o ~*.-a-2tiiis 

3 >V> • >"T ^ - y-x • X F h 
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nX£X • /<A F VX 

r^y *^*si376o 

>f^ 1 ^ ZJ^ly F y ^ • F75 

r^y ^7^iii38i5 

W;bF> • X F y- F8 

y* + — F * r>v— — • v*-^— 

7^ y ^7^*1113760 

>f^^h F y— * O— F53 



